Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



m^^ 






<^^> 


oSI 


r 1 1 


^^^1 


-C^^l 




a^^S 


ir^=i 


ru^^ 


^ 



^AllTMfeP^ "Of AGRICULTLiftE. 

OFncB OF EKPEauumT STATIOKS-BTIUETW IBS, 



MECHANICAL TESTS 



PUMPS AND PUMPING PLANTS 

Used for Irrigation and Drainage in 
Louisiana in 1905 anil ](»0(>. 







CKWHRNMKxNT ITilNTIMJ UFKrcM 
M> 7 . 



■nr 



LIST OF PUBLICATIONS OF THE OFFICE OF EXPERIMENT STATIONS 01 
IRRIGATION AND DItAlNAGE. 

SoTK.— J'urilk-nllifM uiHrlt'iil wlil. m MWri-k !•> aw ti^i aviillnbh! fi.r 
trldntlDn. 
*BU1. HO. Sniett m imt-nUiuilii ainueLtlfnl nml New .reruMf. Ity O.-H. V^teli 

and K. ». Voorhorai. Tii, lU. 
*liUl, 08; WiitPf WgM» ou Itlp Mlwourl Klvor HiMl III" TrllmttirJfcft. By Hlwimi 

Mi'pni. I-i-. «>. 
Bill, (lu Abstpsct (if liiWH tiW' Ai-Hiilrliie TIUw 1" Wiilfr fniru lUi- Mlftsuut 

ItlPiT liuii iU TviliuliU'liw. u-Hh Ibu LAtnl Kunnx m VHf. ( Inniiilln 

lj,v VM\<„(\ Meii'l- r-ji. 7T, 
nul, 7a WuIiT-rlBlit rnvWuiiii- ot Hoiu- »[»«•. Ry ijifliwif* T, jAUimtoii aa 

JoHTpIl A. Brci-Unnn. I'ri. 4(1 ^ 

^BaL 7R. Trrly^tluu In tliu HwMy Mmiiirnlit HtulcM. 1^ J. <:. UivU-li. 1'|)«<M. 
•iTii). HI. Tin- r!w i.f Wnii-r til Irrlitntlou 111 WyfitiilUB. By tt. P. DUCTimi. 111. 31 
•Bul..8H. Tilt- Hm' of ■n'atw In IVTldaCon. [Wpirn of litvMllKMttuiv muiJn i 

IWIH, unilo'r llw MivuivKinti -it Khvoml Mcml. cxpart lu dwre 

mill i:. 'V. JiitiiMliin, BBMtstmif. I1>. :iXi. 
■R«l, .1". Irrlitutliiu 1» Nuw .Turwy. By Krtwfinl B, ViBirlii-iw. l*|i, «X 
•But. Vftf. Irrlsatlmi tn Ilnwilll. Ily Walter iVIbx«*.11. Vx: ■». 
Bol. n-l Tbi- KraiTvulr ii.yHtttn uT ttio Cudlt' )ii Puttdre Valtei. Wjf B. j 

Ni-tllPtiiii.. I'l?. 4S. 
)iiii. vtv lrr])tpilkiu r.uwH uf ttii' Niirtliwiwt 'IV-irltuHt'H at Cnnnitn Jim) i 

M'yiiNiIti).', wttb IttM-'uMilntui l<>- J. K Uc-uuUi, E'tvd nuuii nail J. ] 

(Vll«.iii. ri>. mi. 
lint. liHi, l{<-]>'ii'^ •'( immillim Invi^ntltmllimii lu runcoriiln. iimler Iliv dlnclM 

"f tilw<iiiil Slpfiil, iM«lni«i t.y Wlliifnii K, Hmythi', MnrHtim Unnimq 

J, .M. Wlliiiin, rimrHw .V. Miirx. frnuU SimU', V. IS, (jcuukIes 

IMlviira M, H/Jiww, aiiA Jouiew I', B'-hujliT. I'p, 411. 
•Iiiil.-H»I. Thii I'w Df U'nUT in liTlgi.tI»n. Mitiirirt r>[ liiviralleiitiimx tiutOi- I 

llMtlk, tniilfr (tit> sij]ii-i'<'<h)iiii i>r Ulwiniil M<.>aOi eKjivrt In rliiirgv, tin 

r. T. ■loliniN.m, uBnUliiTit. Iti. ^i*. < Sci>iirut4Mi utily-'j 

•Utll lITi. IrcUstjnu in tllf tJnlhul' «IBlw, T>?Plll.i.)llX. of EJlWiMd aiMil, t 

Kutlun •xin-vt lu Kinrin*. iK^nri' tiro IJulti'i] HlttttM luilufltrlnl Cinil 

ixtxHlnti, Jiiiio. 11 iirul 1'i, tlH)l. I'll. 47. 
•BUJ. litS. IrHpiUiiii I'rn"ili-M ntuiiUK FriUf fimtt-HM iiu t|ui I'adOL- CKiiinL 

to. .J, WlckpiMl. CT-M- 
Onli iV*. Irrltfittfou ul )l(t-e in CUo UultDl SlJilun. I^v- TtouIc IliUulnuia Gnwtffi 

H. KiwiKT. I'p. '*. 
BuL liH, irrlvaUiiu C^mii [lie 1-Iiiiih|i>ib Rlri!r. By .T»Iiii 1]. FJHd. t^. Tn. 
. •Uiil. Iin. Uin»in ftf tL-rl({iitli«ti larKxUKJiitium for IWI, im(l«r thi^ rilwHoii <| 

rawow! Me»i|. diW I'll. ■I'H, ( Kf-iinraWf oi>1».t 
ItnJ. 1-4. Itt-piirt 'if UTisnt'"" ln»f)"i»CTtlun)' In I'tnli. nrolw tUi» illntntlon i 

IQIwijoi) lleiiil, HiivC lu^iHieil 1i| IL 1'. 'Cit'\t. A. I*. Stiivr^r. A. V. 

I •uriuiikw, .1. Tr. fUluiiuinl. Fmoit Atliiiu*, iitii^ O, X^. Hwoti'liHti 

Vl: .Si'S. 
Jttit. I'M. Kgjplinit IrMciilloiL By i-'tniyifv T. Joiuwtna. Pii. DM). 
|t(i]. Ul. flnti* iif filraitimw tn luw nii lrr]gnitl>iti C'fiiMln In 11u> tliiltbd itliiiii 

friiiu ilrimliucH t'llilUih'il liy Uie (MIkw of iax|ii>ftiui;nt SbillnuB u 

t'ui-li^ In liifii. iitiil (ii biiffiilo, In ittn, [irnrnimi umlKr the illrtw 

Hull .If r.l*<H.M M-;ii.I. ■til-f, IT. "I, 
•ttBL IWl. Rriiiirl «r trri<.-nU'.ii li.vi><tii:iitlfuii for itNKJ. luiilor llii> illnwHim ( 

KIwiaiil .Mt><i<I I'hlK I'll. cmi. 
irm. IIU. Sforaru nL^tMMM— kn|»jJta^ju iilid It); Tliotopeini UfvWh. B 



Issued AprH 15. ISOT. 

U. S. DEPARTMENT OF AGRICULTURE. 

OFFICE OF EXPERIMENT STATIONS— BULLETIH 1S3. 

A. C. TKLK, IllHECTDR. 



MECHANICAL TESTS 



'UMPS AND PUMPING PLANTS 

Used for Irrigation and Drainage in 
Louisiana in 1905 and 190G. 



W. B. GKEGOKY, 

Prof'vior af KxperimeiiUd Engineenni) 
Tulaiie IhiierxiUi of Ixmaiima. 




WASHINGTON: 

GOVFEKMEKT PKINTINU OFFICE. 

1907. 



THE OFFICE OF EXPEEIMENT STATIONS. 

STAFF. 
A. C. True, Ph. D., Director. 

Vj. W. Allen, Ph. I)., AstnHtnyit Director and Editor of Experiment Station Record. 
W. II. Beal, B. a., M. E., (Mef of Editorial Dii^fdon. 
Elwood Mead, D. E., Chief of Irrigation and Drainage Investigations. 

(2) 



LFITER OF TRANSMITTAL 



U. S. Department of Agriculture, 

Office of Experiment Stations, 
Washington^ D. C. Jo/auary 16^ 1907, 

SiK : I have the honor to transmit herewith a report on mechanical 
tests of pumps and pumping plants used for irrigation and drainage 
in Louisiana, prepared under the direction of Elwood Mead, chief of 
Irrigation and Drainage Investigations, by Prof. W. B. Gregory, of 
Tulane University, and to recommend its publication as a bulletin of 
this ()ffi(*e. 

Very respect fulty, A. C True, 

Director. 
Hon. James Wilson, 

Secretary of Ayriculture. 

(3) 



CONTENTS. 



Introduction 7 

Instruments used 9 

Methods pursued 11 

Probable aeeuracy of results 12 

Description of plants and results of tests 13 

Plant No. 1, Abbeville Canal Company 13 

Plant No. 2, Abbott-Duson Canal, Main .pumi)ing plant 10 

Plant No. :i Abbott-Duson Canal, first relift 20 

Plant No. 4, Abbott-Duson Canal, second relift 22 

Plant No. 5, Acadia Canal 24 

Plant No. (), Acadia relift 27 

PlantNo. 7, (irand Canal, old plant 28 

Plant Nors, (irand Canal, new plant 31 

Plant No. I), Abbott Brothers' lower farm 34 

Plant No. 1(K Wesson farm 36 

Plant No. 11, Saxby farm 38 

Plant No. 12, Crowley Farming Company 40 

Plant No. 13, South Side Planting C^ompany drainage wheel 42 

Plant No. 14, Algiers drainage i)lant 45 

Plant No. 15, New Orleans drainage station No. 3 47 

Plant No. 1(), New Orleans drainage station No. 7 48 

Plant No. 17, Neches Canal Company 51 

Summary of results of all tests 55 

Discussion of results 58 

Drainage plants 70 

(6) 



ILLUSTRATIONS. 



Pace 

Fig. 1. Pitot tube 10 

2. Drainage wheel, near New Orleans 4*j 

3. Diagram showing profits and losses with Plant No. I (58 

4. Diagram showing cost of fuel and total cost of irrigation per acre 

under varying conditions i CO 

(6) 



TESTS OF PUMPS AND Pl'MPINr, PLANTS I'SKD FIIR I 
GATION ANO DRAINAGE IN LOUISIANA, 190i) AND HlOfi. 



INTRODUCTION. 

Some of the largest pumping plunth in lliu world iiHed for irrigiition 
are located in the rice country of Louisiana and Texas. It is only 
tell or eleven years since the first of these plants of any considerable 
size was established. 

Rice irrigation had passed through the experimental stage, and 
lands previously considered suitable only for grazing were being 
rapidly brought under rice cultivation. The new industry offered 
exceptional inducements to capital, as rice was an unusually profit- 
able crop. The first pumping plants were located along the rivers, 
bayous, and small streams, but as the area under cultivation was in- 
creased it became desirable to plant rice on land that was out of reach 
of the large canals. Search for underground waters was usually 
rewarded; the deep wells of Louisiana and ihe shallow wells of 
Texas have served to supply watev for irrigating vast tracts that 
otherwise could not have been used for rice growing. 

Many of the large pumphig plants, erected during the early period 
of the development of the industry, showed an eJitire lack of consider- 
ation of economy. A certain amount of water \vas needed and the 
' pumps were capable of supplying the demand, but the amount of fuel 
required to do the work was entirely too great. Rice growers were 
£0 prosperous that questions of economy did not arise, and lack of 
experience was accountable for their indifference. It is true that 
some of the pumping plants built at tlmt time were excellent ex- 
amples of good engineering, but these were exceptional. 

The fuel used was wood and coal. With the former the expense 
was often only that of cutting and handling, but even so, it was not 
cheap fuel, and plants designed to use it needed larger boiler equip- 
ment than was required if coal was used. 

The discovery of oil at Beaumont, Tex., in 1901, and later at many 
other points iu both Louisiana and Texas, has revolutionized the fuel 
supply of that section. The Jennings oil field is located in the heart 
of the rice country of Ijouisiana, and furnishes fuel for nearly all of 
the pumping plants for miles around. 
(7) 
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The life of pumping plant > varu*> with conditions, among whid 
may 1h» mentioned. ( 1 ) the ({iiality of the machinery, inchiding 
merit of desi^i, and ('2) tlie skill with which it is operated and the 
care In^stowed on its various parts when idle as well as when in use. 
Plants are ojx^rated for only thn»e or four months in the year. The 
proportioning of Ixiilers to supply steam easily and eeonomicallv 
contributes not only to the satisfactory ojx'ration of a plant, but to 
the len^h of life of the Innlers as well. 

Many of thes<» first plants have In^'ome c<mspicuous on account of 
the size of their fuel bills. The cost of plants having different types 
of machinery is almost a constant (pnintity when based on an equal 
amount of work to 1m» done by tlie pumps. In the lar^r plants 
reliable figures show that the economical and the wasteful plant will 
differ in first cost l)v onlv a small amount, and that the difference is 
in favor of tlie economical plant. 

The alK>v(» refers to first cost onlv. AVhen the cost of fuel is con- 
sidered, tli(» economical plant will often do the same work as the 
wasteful plant for on(»-third of the amount. Thest* facts have been 
brought home to owncTs of the larg(» canals in statements of annual 
expens(»s. 

Of these earlier plants, those* which represcMit the cheapest and 
lowest grade of machinery are now aiK)ut ready for the scrap pile. 
In fact, many of th(»m would have Ihhmi replaced ere this had not the 
three y(»ars preceding the s(»as(m of 11)05 i)(»en unfavorable from a 
financial standpoint, as the profits were lower than formerly. The 
reduction of profits has had the effect of calling attention to sources 
of waste*, and has made the study of the (^ccmomies of pumping, of 
great importance. 

In many s<»ctions rice farni(»rs have the choice of pumping water 
from w(»lls or of taking it from canals, paying for the privilege with 
two sacks of rice per acre or one-fifth of the crop. 

The small well i)lauts have been found to use fuel wastefully on 
account of the fact that economical engines are not made in small 
sizes, and also on account of the difficulties incident to pumping from 
wt'lls. More is now known of the life of the average well, and the 
farmer is asking wh(^tli(T he can afford to continue to operate his little 
I)lant if a canal is available. 

Changes must come in the near future, and while individual ex- 
perience is valuable and will aid in the settling of some of these 
questions, it is not wide enough to cover all. During 1005 a%d 1906 
the Irrigation and Drainage Investigations of the Office of Experi- 
ment Stations, United States Department of Agriculture, has con- 
ducted t(»sts of typical pumping plants to liel}:) in the settlement of 
these problems. The problem of drainage has also claimed some at- 



tention, and some of the plants tested are used exclusively for drain- 
age. It is not plaimed that these teats cover the wh()le range of con- 
ditions, but it is believed that they are typical and that the deductions 
are general. 

INSTKUMENTS USED. 

The instruments used were in part fuinished by the U, S. Depart- 
ment of Agricidture, while others were loaned by Tulane University, 
of Louisiana. Among the former were two steam-engine indicators 
having reducing wheels, a current meter, and a 100-foot tape. The 
instruments loaned consisted of a Pitot tube, hook gage, pressure and 
vaciium gages, revolution counters, hydrometer, and thermometers. 
In one test a Pitot tube loaned by the Mississippi River Commission 
was also used. 

The springs of the steatn-engine indicators, the gages, and ther- 
mometers were calibrated in the exjieriniental engineering labor^ory 
of Tulane University. The rating of the current meter was fur- 
ni.shed by this Department, while the Pitot lube was made of such 
form that its constant was known to be unity. In a few ca.'^es weirs 
were used to measure the water discharged by the pumps ; the weirs 
were invariably of the Cipolletti form. 

The form of Pitot tube used is shown in figure 1. This instru- 
ment was used both in open channels, as a cnri'ent meter, and to 
traverse pipes to obtain mean velocity. In one case the two Pitot 
tubes were used in auction pipes of a pump, and therefore under a 
negative pressure or vacuum, while in another test the Tulane tube 
was used in the discharge pipe of a pump under a positive pressure. 
In every case the results were consistent and reliable. Readings 
from Pitot tubes were invariably taken in feet of water, and the 
instruments were used only where the velocity was sufficiently great 
to give a difference of level on static and impact sides that could be 
read with accuracy. The velocities determined in this way were from 
3 to 5 feet per second. The Price current meter was often used alter- 
nately with the Tulane tube, and the results were equally satisfactory 
with Ixjth instruments. Following is a brief description of this 
instrument and statement of the theory on which it is constructed : 

The outer tube consists of hard-drawn brass tubing of approxi- 
mately three-fourths of an inch external diameter. The part which 
is turned toward the current of water the. velocity of which is to be 
measured is approximately 7 inches long. Tlie inner tube receiving 
the impact of the current is about one- fourth of an inch in external 
diameter. This tube is carried inside the outer tube to the upper 
end of the latter and projects about 1 inch beyond, where it is con- 
nected by means of rubber tubing to one of the glass tubes placed in 
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front of a metallic scale graduated in feet, tenths, and hundredths. 
About two-thirds of the length back from the point of the 7-inch 
tube already referred to are two holes one-sixteenth of an inch in 
diameter drilled through the outer tube. These holes are in a hori- 
zontal plane when the tube is held in a vertical position. Through 
these openings water enters the outer tube, at the upper end of which 




is a small piece of brass tubing, also projecting about 1 inch and con- 
necting to the second glass tube in front of the graduated scale by 
means of a short length of rubber tubing similar to that used with the 
impact tube. The upper end of the outer tube is closed and the 
two small tubes are held in place by means of solder. The two glass 
tubes are connected at the top, and a third opening allows a rubber 
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: attached, by means of which the wafer in both tubes may 

be raised by suction to a convenient height for reading. A pinch 
cock is used to close this tube. The cliannel holding the graduated 
scale and glass tubes is of ahiminuni, the light weight of which pre- 
vents the insti-unieut from being top heavy. A bundle, easily detached 
by means of thumbscrews, serves to accurately align the point of the 
tube in the manipulation o£ the instrument. 

A gland and stuffing box is also provided for use when the instru- 
ment is used to traverse a pipe either under a vacuum or under pres- 
sure. 

When the instrument is used to measure velocity, the point is 
turned to receive the impact of the current of water, while the open- 
ings on the side of the tnbe give its static pres.sure. The difference 
between these two pressures, measured in feet of water, is the h ead 
corresponding to velocity by the well-known foimula V=,}2 gh, in 
which V equals the velocity in feet per second, g is the acceleration 
of gi-avity, usually taken as. 32.2 feet per second, per second, and h is 
the difference of head in the two tubes in feet of water One advantage 
of this instrument over the current meter is that no time observation is 
required. If properly constructed, no constant is needed in the for- 
mula to reduce the reading of head to velocity. Lcmg exi«!rience has 
shown that an instrument constructed as the one shown in figure 1 
fulfills this requirement. 

ICETHODS PUBSUED. 

In making mechanical tests of pumping plants the following ob- 
servations were taken where practicable; exceptions are noted in the 
description of individual tests; (1) Amount and specific gravity of 
fuel oil used. In every case where this quantity was measured the 
fuel used was crude petroleum. (2) The amount and temperature 
of water fed to the boilers and the steam pres,sure. (3) The indicated 
horsepower of the engine, obtained from the indicator cards and 
revolutions per minute of engine, (i) The actual height through 
which the water was lifted. (5) The volume of water pumped per 
unit of time. The cost of fuel oil was also obtained, and in some 
cases numerous other readings of minor importance were taken ; tl 
are given in the logs of tests. 

The specific gravity of the oil was taken with a hydrometer, 
was found to vary but slightly, and for this reason an average value 
was taken and the number of barrels used in every case was computed 
on this common basis of specific gravity of 0.895 ; the average tem- 
perature was about 90° F. Fuel oil is bought on a basis of i 
urenients of 42 gallons per barrel, no correction being made for dif- 
fering temperatures. In most cases the oil was measured in carefidly 
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calibrated barrels. In a few instances it was measured by the fall in 
level in a cylindrical tank. 

The height through which the water was lifted was obtained by 
direct measurement. In the test of well ])hints the head taken was the 
distance from the level at which it stood in tlie discharge pipe or 
suction pipe when the 2)umj) was not in oi^ration to the point to 
which the pump elevated it. More will 1k^ said on this point under 
the description of individual tests. 

In the case of large irrigation plants the discharge from the pumps 
was invariably measured in the discharge flume by means of the 
current meter or Pitot tube. The method is given in each case in 
detail. 

The amount of moisture pres(»nt in the steam was not measured, as 
many of the plants were in continuous operation, and openings in 
steam pipes for the insertion of a calorimeter could not he made. 
Mr. William Kent, the well-known authority on steam boilei-s, states 
that in t<*sts of boilers he has never found more than 8 i)er cent of 
moisture in the steam from a well-proportioned boiler in a single 
test, whil(» the average, from a s(»ries of tests, never exceeds 1^ per 
cent. We mav therefore conclude that the error in assuming the 
steam to be free from water, as was done in these tests, was no greater 
than in some of the other observaticms. 

While the tests rej)()rted nnist not be supposed to \ye of the highest 
degree of accuracy, they are believed to be as accurate as possible 
under existing conditions. The object was to conduct tests under the 
conditions as tliev were found to exist, and a rather wide field had to 
be covered in a limited time. 

FBOBABLE ACCUBACY OF BESULTS. 

The error involved in measurements is the ordinary error of obser- 
vation. It probably does not exceed one-half of 1 per cent. 

The amount of water present in the oil was determined in only one 
case, and although the error from this source is difficult to estimate, 
it is believed to be large in some cases. However, commercial crude 
oil was used, and the amount of water present Avas not unusual. 

In the measurement of water furnished to boilers in the test of the 
larger plants the error was that in actually measuring the water in 
calibrated barrels, and was probably as small as one-half of 1 per 
cent. 

In the three cases Avhere a Cipolletti weir was used the error is 
possibly as great as 8 per cent. The error involved in j)ossible differ- 
ences in level of water in boilers at starting and stopping of a test 
will decrease as the duration of test increases. It is believed that 
errors from this source are small. 
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III yetting the indicated horsepower of the engines the most ap- 
proved methods were eni]iloyed. In every case a perfect reducing 
motion was nseil. The error involved may possibly t)e as groat as 
3 per cent in individual cases, but probably does not exceed half that 
amount in the average. 

Errors in measnrementH of the diH<'hargD of the pumps are those 
involved in the instruments used. The Price current meter and the 
Pitot tube will give results that are accurate within 3 i>cr cent. It 
is probable that the mean error in most tests was less than this 
amount^ while under adverse conditions the error may increase to us ' 
much as 5 per cent. In general, it is thought that the error doe-s not 
exceed that of the weirs used, or about 3 per cent. 

Duiing many of the tests indicator cards and revolutions of engine 
and pump had to be taken alternately with the raeasiu^ments of the 
water discharged from the piuiips. Slight changes. of conditions 
from various causes undoubtedly caused greater discrepancies than 
would have resiillcd fi-oin simultaneous oliscrvalions. 

DESCRIPTION OF PLANTS AND EESUXTS OF TESTS. 

In general, the tabulate*! results are self-explanatory. 

The steam pressure is given in pounds j>er squaiv-iueh above the 
atmospheric pressure. 

The vacuum gage is read in inche.s of mercury. 

The speed of engines and pumps is taken in revolutions per 
minute. 

By water horsepower is meant — 

Cubic feet per second X weight ])er cul:>ic foot X head in feet -:- 
P50. 

The temperature of water pumped was observed, and the cor- 
res{>onding weight per cubic foot was used in each case. 

Indicator cards were taken with 80. 50, or 20 pound springs, de- 
jtending on the steam pressui-e carried. 

The indicated horsepower is tht^ power developed within the engine 
cylinder. 

PLANT NO. 1, ABBEVILLE CANAL COMPANY. 

The plant of the Abbeville Canal Company is located on the Ver- 
milion River, about IJ miles below Abbeville. There are 20 miles 
of main canal and several miles of laterals. The area irrigated 
in 190S was 3,(i,')0 acres, although the plant has watered as much 
as 6,900 acres in a season. This plant contains two horizontal re- , 
turn tubular boilers 72 inches in diameter by 16 feet in length, 
each containing 70 4-inch flues. They furnish steam to two tandem 
compound condensing Corliss engines having cylinders 14 and 20 
inches in diameter, stroke 42 inches. The rods are 3J and 2f inches 
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in diameter. The engines are direct connected to chamber wheel 
or rotary pumps by means of rigid flange couplings. No foot valves, 
such as are often used with centrifugal pumps, are required for this 
type of pump. The plant is so arranged that either unit may be 
operated alone or both used together. 

An open heater receives the exhaust from the vacuum pump and 
the boiler feed pump. An inspirator is used to feed the boilers in 
case of an accident to the latter. 

Ordinarily the water fed to the boilers is pumped through the 
open heater and has its temperature raised by the exhaust from the 
auxiliaries mentioned, but during the boiler test the heater was cut 
out and the boilers were fed by means of the inspirator. The con- 
denser is of the jet type, having a single, direct-acting air pump; 
dimensions, 8 and 14 by 18 inches. During the test it made about 
eighteen doubk strokes per minute. This condenser has suflicient 
capacity for both engines. 

The fuel is crude oil. The supply for the season of 1905 cost 23 
cents per barrel of 42 gallons at the oil field, and transj^ortation 
charges amounted to about one-half cent per barrel delivered at the 
plant. 

The engines and pumps are run at different speeds, depending on 
the demand for water ; " high speed " is approximately sixty revolu- 
tions, while " slow speed " averages about fifty revolutions per 
minute. 

The test was run at " slow speed," and only one unit was operated. 

The mechanical condition of this plant was as near perfection as 
could be desired. The pumps and engines appeared to be in perfect 
adjustment and operated with marked smoothness; there was an 
entire absence of jar or water-hammer. The combined efficiency of 
pump and engine was extraordinarily high. It seems probable that 
the slow speed was favorable to a high efficiency. 

On June 19, 1905, a boiler test was made, and the following day 
the efficiency of the engine was determined. This was rendered nec- 
essary because of the lack of sufficient observers to carry on a complete 
test in one day. 

Conditions were identical during the two days, as far as the opera- 
tion of engines aiid pump were concerned; however, on the second 
day the plant was operated in the usual way, using the boiler-feed 
pump and the open heater. The water entered the heater at a tem- 
perature of 90° F. and left the heater at 206° F. It was found that 
a saving of 8 per cent of fuel resulted from this source. 

Water and fuel oil were measured in carefully calibrated barrels, 
two being used for the water and one for oil. The barrels were cali- 
brated by filling with weighed quantities of liquid and establishing 
marks to which barrels were successively filled; they were emptied 
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into a lower tank, from wliidi the supply was taken. The level of 
the supply tank was kept constant. 

Both the boiler test and that of the engine and pump were entirely 
satisfactory. 

The method of obtaining the efficiency of engine and pump was as 
follows: The flume had a width of fi,42 feet and a depth varying 
from a little over 2 feet to about 2.5 feet, depending on the stage of 
water in the canal, the cross section of which was divided into twenty- 
one rectangles, approximately square. The current meter or Pitot 
tube was placed at the center of each rectangle and the velocity of 
the water at that point determined. The mean velocity was taken as 
the mean of twenty-one readings. Considerable time, usually from 
fifteen to twenty minutes, was required for a set of readings. Direct 
measurements of the depth were takfen by means of a thin rule which 
caused very little disturbance on the surface of the water; this was 
done at seven stations, and the average used in computing the quan- 
tity of water. 

As soon as the water measurement was finished cards were taken 
from the engine and the revolutions counted. 

Although the load and all conditions were practically constant 
there were slight fluctuations in speed, and the indicator cards and 
revolutions per minute were doubtless taken in some cases under con- 
ditions varying slightly from those under which the water measure- 
ments were made. The latter may be considered as a better average, 
as they extended over several minutes, while the indicated horsepower 
ivas necessarily computed fi'om instantaneous observations. 

It is to be regretted that it was impossible to determine the amount 
of moisture in the s-team, but there was no opening in the pipe for a 
calorimeter, and one could not be made without the risk of delaying 
the operation of the plant. 

The results, of this test are remarkable for the high efficiency of 
pump and engine, the average combined efficiency being 81.7 per cent. 
Assuming a mechanical efficiency of engine of 92.5 per cent, the 
average efficiency of puinp would be 88.3 per cent, which is a very 
high value. 

The slip of the pump is also worthy of notice; its average value 
was 1.6 per cent. Each revolution of the pump gave a theoretic dis- 
placementof RfiO gallons; the difference between the theoretic displace- 
ment and the discharge actually foimd, divided by the former, is 
the slip. Variations in results are doubtless diie to slight clianges in 
&team pressure and consequent fluctuations in speed of engine and 
pump. 

The velocity observations were taken, alternately, with a Price 
current meter and Pitot tube, and consequently are more convincing 
than would have been the case had a single instrument been used. 
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The results of tlie Iwiler and the pump and engine tests follow : 

n'lilrr teat. Ahhcvil}i; plant. June IK, IflOS. 

Duration of tent, "i hours. 
Total fuel oil, 2.-11 W rxjunds. 

Average siteaui iiressure l>y gngw. Vt2.'2 pouiulH per Hijusire Inch. 
Avernge tempeniture of feed water. 87.2° F. 
Factor of eva[K>ratloii. 1.1758. 
Total welgbt of water fell to boiler. 2ii,2Tl iMmnrtK, 
Kquivaleiit water eviiimrnteU fnini iiud lit '2V2° F., :!0.K8!) jtounds. 
Boiler liorseiwwer, llfl. 
Average teniiieriitiii'e of fuel oil, 88° V. 
Avernge iilr tenii^rature, 87° F. 

Water iippiireutlj' eviijiorated per ihiuiuI of fuel oil, 10.2.t poHiidti. 
E(|Ulviiletit eviiiioratloH fnnu and at 212° F. (nut correctwi for quality of 
Mteam). 12.(Kf [louiida. 
Total feed water ler liidicntHl lM>rse|Kiwi'r Imur, 22.r> jiouikIh. 

Kuiiitiv iinil piiiiifi trKt. AMicHIIp Ctiiial tUiiiipany. 
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PLANT NO. 2, ASBOTT-DUSON CANAL. HAIN PXHICPlNO PI.ANI. 

The main pumping plant of the Abtwtt-Duson Canal system is 
located about 2i miles west of Egan, La., on Bayou des Cannes, one 
of the HtreamH which unite to form the Mennentau River. 

This canal wyKtem connects with that of the Acadia Canal. There 
are 30 miles of main canal and 15 of laterals. Tliese two canals 
have watered as much as 23,000 acres of rice in a season, but the 
acreage in li)05 was about 18,480. The main canal is 100 feet wide 
from center to center of levees. 

The plant contains six horizontal return tubular boilers, 72 inches 
in diameter by 18 feet in length, each containing "2 4-inch flues. 
This plant was installed previous to the discovery of oil in that sec- 
tion. The boilers have a large heating suiface, as they were intended 
for wood fuel. 
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During the test, although the boilers were connected to the same 
steam main, pressures were read from each boiler gage. One of the 
six gages used was a standard gage, by means of which the others 
were calibrated while the engines w^ere not running, and where con- 
sequently the steam pressure in all the boilers was equal. 

The Jennings oil field is located about 2 miles from this pumping 
plant, and a 2-inch pipe line direct from the field supplies the crude 
petroleum, which has replaced wood as fuel. The cost of fuel deliv- 
ered at the plant was 35 cents per barrel of 42 gallons. 

There are two direct-acting steam pumps for boiler feed. These 
pumps have steam pistons 7^ inches and water pistons 5 inches in 
diameter, with 10-inch stroke. The plungers are inside packed. 
Either is used ordinarily to supply the boilers. During the test one 
furnished water from the bayou, and after it was passed through a 
O-inch Cipolletti weir and measured it was forced by the other pump 
through the heater to the boilers. The depth of water over the weir 
was observed by means of a very accurate hook gage. 

Three heaters are Used, one on the exhaust pipe of each engine, 42 
inches in diameter and 8 feet 6 inches long, each containing 100 tubes 
2 inches in diameter; the third is a closed heater, receiving the ex- 
haust from the boiler feed pump or pumps and from the condenser 
pump. The piping is so arranged that water is forced through all 
three heaters before going finally to the boilers. 

There are two simple condensing Corliss engines having cylinders 
24 inches in diameter and 48-inch stroke. 

The piston rods are 3J inches in diameter. 

One jet condenser is used for both engines, diameter of steam 
cylinder 14 inches, air cylinder 22 inches, stroke 24 inches. 

Rope drives are used to transmit power from engines to pumps. 
The engine fly wheels are 16 feet in diameter and each has 18 
grooves; 1,454 feet of IJ-inch rope is used in each drive. 

The sheaves on the pump shaft are 4 feet 3^ inches in diameter. 

There are six horizontal shaft centrifugal pumps, having suction 
pipes 20 inches in diameter and discharge pipes 18 inches in diameter. 
Although there is a single suction pipe, the water is divided into two 
equal streams as it enters the pump, by means of cored passages 
around the sides of vortex chamber, so that at the eye of the pump it 
receives water from both sides. This pump is identical with that 
described in test No. 8 of Abbott Brothers pumping plant. Three 
pumps were driven by each engine. They were arranged with their 
shafts joined together by flanged couplings, so that all could be 
operated at once, or only one or two, depending on the level of the 
water in the bayou and the consequent lift. AVhen the water is very 
high, as during the test, all the pumps are operated. The water level 

25844— No. 183^^7 m % 
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is subject to considerable fluctuations, and under conditions of ex- 
treme low water it may be desirable to operate two pumps or even 
only one by each engine. The discharge pipe terminates in an elbow 
in each case, so that the water is discharged down the flume. 

In making the test it was found that it would be impossible to 
measure the water used by boilers, in barrels, as the quantity re- 
quired was entirely too great. No method was available except to 
use a weir. The error involved is that due to a G-inch CipoUetti 
weir. The measurements of head on weir were taken by means of 
a hook gage, very accurate readings being obtained by means of a 
vernier. 

The load, and consequently the demand for water, was veiy uniform, 
and it is believed that the results obtained contain an extremely small 
error. 

The boilers were examined and correction was made for the small 
amount of leakage at blow-off. 

During the test some difficulty was experienced with the fuel oil, 
as the tanks were filled only a short time before test was begun. The 
trouble was due to the presence of water in the oil, and to some extent 
to sediment getting into the oil pipes l)ecause of the low level of oil 
in the supply tank. 

The water discharged from the pumps was measured by means of a 
current meter, slowly traversing the flume at three different depths. 
The depths were carefully taken at 10 different pointj* across the 
section. The flume was about 18.7 feet wide, and the depth was about 
2.7 feet. This flume is nearly 2,800 feet long, and is supported by a 
wooden framework from 6 to 10 feet above the ground. It is several 
years old, and there was some leakage. On account of the turbulence 
of the water, due to the high velocity of discharge, it was necessary 
to go down the flume about 1,000 feet from the pumps in order to 
find a point where the surface of the water was placid enough to per- 
mit accurate measurements of depth. The mean velocity of discharge 
was 14.75 feet per second, as the elbow at the end of discharge pipe was 
of the same cross section as the pipe. The velocity head at discharge 
was therefore 8.38 feet. The losses at entrance of suction pipe, in 
suction and discharge pipe, and in the pump were all large on account 
of this high velocity. This fact is clearly shown by a comparison 
of the results of the one observation, taken at 8.30 p. m., with the 
results of all the other observations. 

It will be seen that a reduction of average speed of pumps from 
257 to 217 revolutions per minute gave a reduction of indicated horse- 
power of over 50 per cent, and that, approximately, two-thirds as 
much water was 2)umped as at the high speed. The efficiency of 
engine, transmission, and pumps was correspondingly raised from 
42.9 per cent for the high speed to 58.3 per cent at the low speed. 
The stage of the water in the bayou was unusually high. With a 
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normal suction head the total head would have been much greater, 
and a higher speed than that found advantageous during the test 
would have been required. 

The results of the test are given below : 

Boiler test No. 2, main pumping plant, Ahhott-Duson canal, August 5, 1905. 

Duration of test, 5 hours. 

Total fuel oil, 7,988 pounds. 

Average steam pressure by gage, 82.15 pounds i^r s<iuare inch. 

Average temperature of feed water, 1G8.5° F. 

Factor of evaporation, 1.081. 

Total weight of water fed to boiler, 82,80(5 ix)unds. 

Equivalent water evaporated from and at 212° F., 89,513 pounds. 

Boiler horsepower, 519. 

Average temperature of fuel oil, 89° F. 

Average air temperature, 96° F. 

Water apparently evaporated per pound of oil, 10.36 pounds. 

Equivalent evaporation from and at 212°- F. (not corrected for quality of 
steam), 11.21 pounds. 

Total feed water (including steam used by auxiliaries) per indicated horse- 
power-hour, 24.7 pounds. 

Engine and pump test, Ahhott-Duson main plant, August 3, 1905. 





Steam 
pressure. 


Vacuum 
gage. 


Indicated horsepower. 


Total in- 


Time. 


Engine No. 1. 


Engine No. 2. 


dicated 
horse- 






Head. Crank. 


Total. 


Head. 


Crank. 


Total. 


power. 


9.00 

9.30 

10.00 

10.30 

11.00 

11.30 

12 m 

12.30 

1.00 

1.30 

2.00 


Pounds. 
83 
86 
82 
79 
79 
79 
85 
82 
83 
85 
83 


Inches. 
22.4 
22.4 
22.1 
22.0 
21.2 
22.1 
22.5 
22.1 
22.3 
22.2 
22.3 


178.7 
179.5 
174.2 
177.5 
176.4 
177.2 
178.9 
178.9 
180.6 
181.5 
180.6 


169.7 
167.9 
170.3 
166.1 
168.8 
168.7 
168.3 
167.6 
172.9 
173.3 
168.5 


348.4 
347.4 
344.5 
843.6 
345.2 
345.9 
347.2 
346.5 
353.5 
354.8 
349.1 


176.9 
174.3 
168.8 
167.5 
162.6 
164.6 
167.2 
160.7 
162.4 
163.8 
160.5 


163.1 
164.3 
158.5 
158.0 
155.0 
165.8 
157.7 
151. 7 
156.0 
154.5 
153.4 


340.0 
338.6 
327.3 
325.5 
317.6 
320.4 
324.9 
312.4 
318.4 
318.3 
313.9 


688.4 
686.0 
671.8 
669.1 
662.8 
666.3 
672.1 
658.9 
671.9 
673.1 
663.0 


Mean. 
3.30 


82.3 


22.1 


1 
..........i. ......... 










671.2 


1^ 
















82.7 
232.3 


85.2 
201.9 


167.9 
434.2 


70.2 
235.2 


75.5 
200.5 


145.7 
435.7 


313.6 


4.30 ' 




869.9 


1 









Revolutions per minute. 


Head. 


Discharge. 


Useful wa- 


1 


Time. 


Engine 
No. 1. 


Engine 
No. 2. 


Pump 
No. 1. 


Pump 
No. 2. 


ter horse- 
power. 


Efficiency. 


9.00 


69.0 

69.0 

68.5 

68.5 

68.25 

69.0 

68.5 

68.5 

69.0 

69.0 

68.75 


69.5 
69.0 
69.0 
68.5 
68.0 
68.5 
68.5 
68.0 
68.5 
68.5 
68.25 


258 
258 
256 
256 
255 
258 
256 
256 
258 
258 
257 


260 
258 
258 
266 
264 
266 
256 
254 
266 
256 
255 


Feet. 
16.20 
16.20 
16.20 
16.20 
16.21 
16.21 
16.21 
16.21 
16.22 
16.23 
16.23 


CuMcfeet 
per second. 




Per cent. 


9.30 

10.00 

10.30 

11.00 

11.30 

12m 

12.30 

1.00 

1.30 

2.00 


155 
157 
156 
164 
166 
157 
158 
161 
156 
155 


284.6 
288.1 
286.2 
282.8 
286.4 
288.3 
290.1 
296.8 
286.8 
285.0 


41.5 
42.9 
42.8 
42.7 
43.0 
42.9 
44.0 
44.0 
42.6 
43.0 


Mean . 


68.7 


68.6 , 257 


256 1 16.21 


156.5 


287.4 


. 42.9 


3.30 

4.30 


58.0 59.0 i 217 
74.0 i 75.0 276 


220 
280 


16.23 
16.23 


101 
178 


186.0 
327.0 


59.3 
37.6 



20 

PLANT NO 3, ABBOTT-DUSON CANAL, FIBST BELIFT. 

This test was made of the pumping plant forming the first relif 
of the Abbott-Duson canal system. 

The plant is located at Egan, La., about 2^ miles east of the man 
pumping plant. 

The boiler equipment consists of three horizontal return tubulai 
boilers, 72 inches in diameter by 18 feet long, each containing 75 
4-inch tubes. 

Under ordinary conditions an open heater is used. A direct-actin< 
steam pump furnishes water to the heaters, and a similar pumj 
takes the water from the heater and delivers it to the boilers. Th< 
heater receives the exhaust from these two pumps and also from th 
condenser pump. During the test the heater was not used, as th 
water had to be measured. The piping was changed so that one o 
the pumps furnished water to fill two calibrated barrels, placed s< 
that they could be emptied into a lower barrel, by means of a 2-incl 
valve and pipe in each. 

The suction of the second pump was attached directly to the lowe 
barrel, and this pump was used to feed the boilers. 

The crude petroleum used for fuel during the test was measures 
in a calibrated barrel, the amount per hour boing 712 pounds. Th 
cost of fuel oil delivered at plant was B5 cents per barrel of 42 gallons 

The following day fuel oil was measured for one hour and fiftv 
seven minutes, the feed-water heater being in use. It was foun^ 
that the consumption of oil per hour was 603 pounds. The tern 
perature of water entering boiler was 200° F. instead of 92° F. a 
found when heater was not used. The theoretical gain by using th 
feed-water heater is about 11 per cent, while the actual differenc 
in fuel used amounted to nearly 20 per cent. The discrepancy i 
accounted for by the difference in the amount of water present ii 
the fuel oil. 

During the test on July 31 the amount of w^ater in the fuel oi 
was sufficient to put out the fires momentarily on two occasions 
and to require careful oversight of the oil burners to prevent irregu 
larities in the amount of combustion and, consequently, in stean 
pressure. On the second day the oil in the supply tank had becom< 
quite thoroughly separated from the water, the latter having set 
tied to the bottom, and the result was that there was no trouble witl 
the burners. 

More will be said on this subject in comparing the results of th 
Acadia plant (test No. 5) with that of the Grand Canal plant (tes 
No. 7), where two boilers of the same make were used under condi 
tions that were very similar as regards demands for steam. Whil 
in one case with oil which had been stored for some time tb^ bes 
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results of anv of the tests was made by the boiler, in the other case 
with oil freshly delivered to supply tanks and containing water well 
mixed with the crude petroleum a very bad showing for the boiler 
resulted. 

The engine was a simple condensing Corliss, having cylinder 
diameter of 24 inches and 48-inch stroke and rod 3J inches in 
diameter. 

In the rope drive 1,850 feet of IJ inch rope are used; there are 
eighteen grooves on the fly wheel, which is 16 feet in diameter. 

The sheave by which power is transmitted to the pumps is located 
between two centrifugal pumps, each having double-suction pipes 24 
inches in diameter. 

The pumps are rated as 36-inch pumps, but the lift was so small 
that the •pumps each discharge through a rectangular opening into a 
separate flume, having gradually expanding cross sections. The 
two flumes are brought together at a distance of about 50 feet from 
the pump into a larger flume, which discharges into the canal beyond 
the plant. 

During the test indicator cards were taken at fifteen-minute inter- 
vals, and observations were made of steam pressure, vacuum gage, 
revolutions of engine and pump, and of head pumped against. 

At intervals of a half hour water measurements were taken in 
the flume, and the temperature of water, oil, and air was noted. 
The amount of water and fuel oil used was also carefully noted. 

The measurements of the water discharged by the pumps was made 
by means of the Pitot tube. The discharge flume in which the meas- 
urements were made was 18.75 feet wide. The depth of water varied 
from about 1.5 feet to a little over 1.6 feet. The cross section was 
divided into twenty rectangles of equal size and the mean velocity 
obtained at the center of each rectangle, or, in other words, the veloc- 
ity was observed at ten different stations across the flume and at two 
different depths at each station. 

The efficiency of engine, transmission, and pump is excellent — in 
fact, the best of any of the plants tested in 1905 in which centrifugal 
pumps are used. This efficiency had an average value of 64.2 per cent. 
If the efficiency of the rope drive is assumed to be 95 per cent and the 
mechanical efficiency of the engine as 90 per cent, the efficiency of the 
pump is found to be about 75 per cent. 

The results of the tests are as follows : 

Boiler test A'o. 5, first reJift, Ahhott-Duson Canal, July SI, 1005. 

Duration of test, 4 hours. 
. Total fuel oil, 2,886 pounds. 

Average steam pressure by gage, 65.6 pounds per square inch. 
Average temperature of feed water, 92° F. 
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Factor of evaporation, 1.15(56. 

Total weight of water fed to boiler, 28,(>29 pounds. 

Equivalent water evai)orated from and at '2V2'' F.. 33,112 pounds. 

Boiler hor8eix>wer, 240. 

Average temi>erature of fuel oil, 171** F. 

Average air tenii)erature, 02° F. 

Water apparently evaporated per pound of oil, 9.92 pounds. 

Equivalent evai)oration from and at 212** F. (not corrected for quality of ' 
steam), 11.47 pounds. 

Total feed water (including steam used by auxiliaries) i)er indicated horse- 
l)ower-hour, 31.2 pounds. 



Engine and pump test, Ahhott-Duson firat relift. 



Time. 



Steam 
pres- 
sure. 



Revo- 

K*"*^' I uteof 
engine. 



Pounds. 

2.30 52 

2.45 68 

3.00 65 

3. 15 66 

3.30 68 

3.45 67 

4.00 65 

4.15 65 

4.30 67 

4.45 65 

5.00 63 

5.15 67 

5.30 08 

5.45 68 

6.00 67 

6.16 67 

6.30 67 

Mean . . 65. 6 



Inches. 
22 
21 
21 
22 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 



66.0 
66.0 
66.5 
67.0 
67.0 
67.0 
67.0 
66.5 
66.5 
67.0 
67.0 
67.0 
66.8 
67.0 
66.5 
67.0 
67.0 



Indicated horue 
power 



Head. Crank. 



11.5.8 
121.7 
108.1 
l^-'.8 
115.5 
112 4 
11.5.6 
105.8 
111.4 
111.4 
114.0 
116.8 
108.7 
112. 7 
111.2 
115.6 
111.8 



109.0 

119.0 

115. 3 

ll\5.0 

124, 

121, 

118 

115 

116.8 

114.1 

113.4 

119.3 

119.8 

112. 9 

115.8 

107.7 

107.6 



1 



66.8 



)r«e- 

. 

Total. 


Revo- 
lutions 

per 
minute 

of 
pump. 

■ 

117 
117 
118 
119 
119 
119 
119 
118 
118 
119 
119 
119 
118 
119 
118 
119 
119 


Head. 

Feet. 
11.06 
11.04 
11.07 
11.12 
11.17 
11.19 
11.22 
11.25 
11.25 
11.24 
11.31 
11.36 
11.33 
11.34 
11.33 
11.39 
11.36 


Dis- 
charge. 

CU./1. 
per nee. 


Useful 
water 
iiorse- 
power. 


Effi- 
ciency. 


224. 8 


1 

i 

\Perd. 
... ' 


240.7 






223.4 






247. 8 






240.3 
233.5 


118 


149 


GIO 


234.1 
221.6 


116 


147 


62.9 


228.2 
225.5 


114 


lib 


63.6 


227.4 
236.1 


il4 


146 


64.2 


228. 5 
225.6 


115 


147 


64.4 


227.0 
223.3 
219.4 


117 
114 


150 
"i46* ' 


66.1 
*"66.'5 


229.8 


118.5 


11.24 


115.4 


147.1 


61.2 



PLANT NO. 4, ABBOTT-DXJSON CANAL, SECOND KELIFT. 

Located about 3^ miles north of Egan, La., on the main canal of 
the Abbott-Diison canal system, is the second relift. The height 
through which this plant elevates the water varies with the changing 
level of the canals above and below the plant. During the test the 
water was raised from 4.22 to 5.33 feet. 

The pump has a double suction and vertical shaft. The body of 
the pump is built entirely of wood, is 7 feet square on the inside, and 
has corner posts and cross timbers to which the bearings are attached. 
The impeller of the pump is 42 inches in diameter and 18 inches 
deep. The main thrust is taken by a ball bearing above the driving 
sheave. 

The boiler is a horizontal return tubular, 72 inches in diameter and 
16 feet in length. Water used by the boiler was measured during the 
test by means of calibrated barrels. It was then pumped direct to 
the boiler. The plant contains a closed heater, but it was not in use, 
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as it had sprung a leak. The fuel was crude petroleum. The engine 
is of the slide-valve, noncondensing type, having diameter of piston 
of 16 inches and 20-inch stroke. It is connected to the pump by 
means of a 1 J-inch rope. Total length of rope, 440 feet. There are 
four grooves in the two wheels. Diameter of sheave on engine, 7 
feet 6 inches ; on pump, 46 inches. This rope drive is badly designed, 
as excessive weight is required to prevent slipping. Ropes on this 
drive have very short lives, because of the excessive tension and the 
wear due to slipping. A new rope had been put on just previous to 
starting the test. The stiffness of this roj)e probably detracted from 
the efficiency of transmission. 

During the test it was found that the rope was slipping on the 
pump sheave, which had become very hot, and even in a few hours 
the rope showed unmistakable signs of wear. Slipping was pre- 
vented in part by increasing the weights on the take-up and so 
increasing the tension of the ropes. Under these conditions more* 
power is required to wedge the rope into the grooves and to pull it 
out as it leaves the sheave than would be required in a well-designed 
drive. The friction due to the increased pull on engine and pump 
bearings is also unfavorable to a high efficienc}^ There ought to have 
been a greater number of ropes used. 

The combined efficiency of engine, transmission, and pump was 
found to be rather low, averaging a little less than 27 per cent. The 
results show a tendency to increase as the height increased through 
which the water was lifted. There is good reason for believing that 
the efficiency of this type of pump is greater under more favorable 
conditions. Tests made elsewhere also bear out this statement. 

The measurements of the water pumped were made in the flume 
about 30 feet from the pump, where the water ran smoothly and 
measurements could be made with the usual accuracy. 

A current meter was used, and traverses were made at two different 
depths. The width of flume was 14.9 feet, and the depth varied from 
about 1.1 feet to 1.5 feet. 

The results of the test are as follows : 

Boiler test No, Jf, second relift, Ahhott-Duson Canal, August 10, 1905. 

Duration of test, 4 hours. 

Total fuel oil, 1,567 pounds. 

Average steam pressure by gage, 81.2 pounds per square inch. 

Average temperature of feed water, 87.9° F. 

Factor of evaporation, 1.164. 

Total weight of water fed to boiler, 17,860 pounds. 

Equivalent water evaporated from and at 212° F., 20.218 pounds. 

Boiler horsepower, 147. 

Average temperature of fuel oil, 89° F. 
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Average *air temperature, 97° F. 

Water apparently evafyorated per pound of oil, 11.08 pounds. 

Equivalent evaporation from and at 212° F. (not corrected for quality of 
steam), 12.90 pounds. 

Total feed water (includinj;? steam used by auxiliaries) {yer indicated horse- 
I)ower-hour, 8r).() pounds. 



Engine and pa nip test, ftccond rclift, Abhott-Duson Canal. 
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PLANT NO. 5, ACADIA CAx'TAL. 

The pumping plant of the Acadia Canal is located about 2i miles 
west of Iota, La. It receives water from Bayou des Cannes through 
a dredged canal several himdred feet long. This plant furnished 
water for 7,000 acres of rice in 1895, of which 4,000 acres were beyond 
the relift. As already stated, the Abbott-Duson and the Acadia 
canals are joined together. The pumps discharge the water into 
a flume having an inside width of about 15 feet. The depth of water 
in this flume during the test was a little less than 2 feet. This flume 
is supported by a wooden framework; the distance from the surface 
of the ground to the bottom of the flume is as great as 30 to 35 feet 
in some places. The length of this flume is 1,800 feet. The flume 
had been in use for several years, and although the leakage was small, 
the supporting timbers had rotted badly. This was shown by an 
occurrence which happened some two or three weeks after the test 
was made. One day about 10 a. m., while the plant was running as 
usual, a length of about 1,000 feet of flume fell without the least 
warning. The work of restoration was begun promptly, aAd in about 
two weeks the plant was again in operation. 

The boiler equipment consists of two water tube bpilers, rated by 
their builders at 300 horsepower each. The feed water for the boilers 
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flows from the flume to two open heaters, each of which is supplied 
with a pump that takes the hot water from the heater and pumps it 
into the boiler. The heaters receive the exhaust from these two 
boiler feed pumps and from the two condenser pumps. 

In order to make a test changes had to be made in the piping and 
the plant operated as follows: The water flowed to one heater and 
was taken from heater and furnished to the 6-inch CipoUetti weir, 
where it was measured. The other feed pump then delivered the 
water to the boiler. By this method only one heater was used during 
the test. It received the exhaust of both vacuum pumps and of both 
boiler feed pumps. The water was heated from a temperature of 
about 88° F. to 172° F. 

The fuel oil was measured in a calibrated barrel. 

The results of the boiler tests are the best of all the boilers tested ; 
the ratio of weight of water from and at 212° F. to the weight of fuel 
oil was 15.09. This result has been surpassed in some cases where boilers 
have been tested elsewhere with crude oil as a fuel. The result is, 
however, above the average and represents good conditions. An at- 
tempt was made during the next day to measure the fuel oil used for 
a run under normal conditions, but the breakdown of a vacuum 
pump and other abnormal conditions rendered the result useless. 

Two simple condensing, heavy-duty Corliss engines furnish the 
power to drive the pumps. The diameter of cylinder of these engines 
is 22 inches and the stroke 42 inches. The piston rods are 3Jf inches 
in diameter. The parts of these engines are proportioned much 
heavier than the ordinary Corliss. Each is provided with a jet 
condenser. Diameter of steam and air cylinders, 12 and 18 inches, 
respectively, and length of stroke 18 inches. 

Rope transmission is used. The fly wheels of the engines are 14 
feet and the sheaves on the pump shafts 3 feet 6 inches in diameter. 
There are 15 grooves for IJ-inch rope. The length of rope required 
in each case is 1,454 feet. 

Each engine drives two horizontal-shaft centrifugal pumps having 
discharge pipes 18 inches in diameter and suction pipes 20 inches in 
diameter. 

The pumps are identical with those of the Abbott-Duson plant, 
previously described, and the plant of the Abbott Brothers, to be de- 
scribed later. The head through which the water was lifted was 
slightly over 30 feet, while that at Abbott Brothers' lower farm was 
only about half this amount and at the Abbott-Duson a little more 
than one-half. The pumps are provided with flap valves in suction 
pipes. 

The mean velocity of water as it is discharged from the elbows at 
the end of the discharge pipe and into the flume was 13.16 feet per 
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second, corresponding to a velocity head of 2.87 feet. Comparing 
the velocities and efficiencies with those found at the Abbott-Duson, 
it will be seen that the velocity is lower in this case and the efficiency 
higher. 

The results of the tests are given l)elow : 

Boiler test \o. J, Acadia plant, August 5, 1905. 

Duration of test. 4.22 hours. 

Total fuel oil. 5,(>41 i)ound8. 

Average steam pressure by gage, 100.7 iwunds per s(]^uare inch. 

Average tenii)erature of feed water. 171.7** F. 

Factor of evaporation, 1.083. 

Total weight of water fed to boiler, 78,(n() pounds. 

Equivalent water evai>orated from and at 212° F., 85,135 pounds. 

Boiler horsepower, 585. 

Average temperature of fuel oil, 85° F. 

Average air temi>erature, 102° F. 

Water apparently evai)orated iK»r pound of oil, 13.03 pounds. 

Equivalent evajwration from and at 212° F. (not corrected for quality of 
steam). 15.01) i)ounds. 

Total feed water (including steam uschI l)y auxiliaries) i)er indicated horse- 
l)ower-hour, 28.7 i)ounds. 

Engine and pump test, Aeadia plant. 
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PLANT NO. 6, ACADIA RELIFT. 

About a mile north of Iota, La., on the main Acadia Canal, is lo- 
cated the Acadia relift. The equipment of this plant includes two 
horizontal return tubular boilers 72 inches in diameter by 18 feet 
in length, each containing seventy-two 4-inch tubes. 

Fuel oil is used. The boilers are fed by means of two direct acting 
hfteam pumps. The first has its steam cylinders 4^ inches in diameter 
and water cylinders 3J inches in diameter; stroke 4 inches. This 
pump takes water from the canal and furnishes it to the open heater. 

The second has its steam cylinder 6 inches in diameter and water 
cylinder 4 inches in diameter. The stroke is 6 inches. This pump 
takes the water from the heater and pumps it into the boiler. Both 
j)umps and the engine exhaust into the heater. During the test the 
water in the canal was found to have an average temperature of 
88° F., while the water coming from the heater had an average 
temperature of 194° F. 

The engine is a simple noncondensing Corliss, having piston 
diameter of 22 inches and stroke of 42 inches. The rod is 3Jf inches 
in diameter. 

Eope transmission is used. There are 10 grooves in the engine 
fiy wheel and on the sheave of pump ; 958 feet of 1^-inch rope is used. 

The pump is similar to those at the Abbott-Duson first relift. It 
is nominally a 36-inch pump, having two suction pipes 24 inches in 
diameter. The pump discharges through a square opening into a 
gradually expanding flume. 

It was found practically impossible to make necessary changes in 
the piping to make water measurements for a complete boiler test. 
Fuel oil was measured by means of a calibrated barrel and the only, 
omission was in the amount of water furnished the boiler. 

The discharge from the pump was measured in the flume about 50 
feet from the pump. At this place the flume had a uniform cross 
section and was found to be 9.27 feet wide and the depth about 1.8 
feet. 

A current meter was used and the cross section slowly traversed at 
three different depths to obtain the mean velocity in all but two 
observations, when the Pitot tube was used. These observations were 
at 1.15 and 2.15 p. m. With the latter instrument the velocity was 
observed at ten different stations across the flume and at three dif- 
ferent depths in the first and at two different depths in the second. 

The arrangement of the plant is similar to that of the Abbott- 
Duson first relift, except that there is only one engine and one pump 
instead of one engine and two pumps, as in the plant referred to. 
There was one engine and a rope drive in each case. Both the engine 
and the rope drive were larger in the case where two pumps were 
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used, but the loss due to friction in the two cases probably was not 
very different. The height through which the water was lifted was 
a little greater with the two pumps than with the single pump of 
the Acadia relift, and this probably had some effect on efficiency. 

Partial J^nler test, Acadia relifU 

Duration of test, 4.45 hours. 

Total fuel oil, 1,507 iN>un<lK. 

Averajje steam i»res.surt* by ^ca^e, 70.4 [Niunds ijer square inch. 

Average t<»ini>eratur(» of fwnl water. VM'' V. 

Average teniiierature of fuel oil, 87** F. 

Average teuiiierature of air, M>Tt^ V. 



Entjine and pump test, Acadia relift. 
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PLANT NO. 7, GBAND CANAIi, OLD PLANT. 

The pumping plant of the Grand Canal* is located on Bayou Xez 
Pique al)out 7 miles west of Iota, La. Bayou Xez Pique and the Mer- 
mentau River from the western boundary of Acadia Parish, dividing 
it from Calcasieu Parish. 

This canal watered about 0,100 acres in 1905, although it has in pre- 
vious years watered as many as 9,200 acres of rice. There are 17 
miles of main canals and 13 miles of laterals. 

The two boilers used in this plant are of the water-tube type, of the 
«ame make as those of the Acadia plant. They have a nominal 
capacity of 250 horsepower each. 

An open heater was used. Water flowed from the flume to this 
heater and was then pumped to the weir tank, where the amount was 
measured by means of the O-inch Cipolletti weir used in the tests of 
the Abbott-Duson and the Acadia plants. Another pump then 
forced the water into the boilers. The heater receives the exhaust 
from feed pumps and condenser pump. 

The engine is a simple condensing Corliss with piston diameter of 
28 inches and stroke of 48 inches. The piston rod is 4J inches in 



diameter. There is a jet condenser having a vacuum pump with 
diameter of steam cylinder 18 inches, diameter of air cylinder 24 
inches, and 24-inch stroke. 

Rope transmission is used. The fly.wheel is 20 feet in diameter and 
has fifteen grooves for 1^-inch rope. The sheave on the pirnip shaft 
is 5.35 feet in diameter. 

There are two horizontal shaft centrifugal pumps, having single 
suction pipes 24 inches in diameter; the pumps have cored passages, 
so that the water divides and enters the eye of the pump on both 
sides. The discharge pipes are 24 inches in diameter at the pumps 
and are enlarged just above the pumps to 30 inches in diameter. 
Pump No. 1 dischjlrged directly into the bottom of the flume, while 
pump No. 2 had a 30-inch elbow at the top and discharged into the 
end of the flume. 

The measurements of the amount of water discharged were made 
^^ the flume about 150 feet from the pumps. The flume was 19.2 
fe^t wide and the depth varied from about 1.25 feet to about 1.4 feet 
^Vixing the various observations. 

The current meter was used and traverses were slowly made at two 
^i:fferent depths. 

On each side of the sheave driving the pumps is a flanged coupling, 
t^^S^ means of which either pump, or both, may be connected to the 
^X'iving shaft. 

During the forenoon a test was made of pump No. 1, lasting two 
Viours. 

Beginning at 2.30 p. m. a test was run for four hours, using both 
I)umps. During this time the boiler test was made. 

At 7 p. m. two observations were made, using pump No. 2 only. 
The crude oil used during this test was pumped into the stotage 
tank only a short time previous to the test. It was from the Jen- 
nings field, but was obtained from a different firm from that supply- 
ing the fuel for the Acadia plant, the test of which has already been 
described. The oil used at the Grand Canal contained quite a quan- 
tity of salt water, and considerable trouble had occurred from this 
cause during operations previous to the test. 

No special trouble was had during the test from the salt water, 
but the bad effect of using fuel containing water is plainly seen by a 
comparison of the results of the boiler tests of this plant with that 
of the Acadia plant, where with the same make of boilers the best 
result of any the boilers tested was obtained, while at the Grand 
Canal the results were the worst. 

The same methods were used in these two tests and the results are 
equally reliable. 

Reports from, the Jennings field show that the percentage by vol-, 
ume of wfiter present iji the oil varies from g^lniost zero to 13 per c^nt. 
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If sufficient time is allowed, water will settle to the bottom and can 
l)e drawn off. Commercial cnide oil is supposed to contain but 2 per 
cent of water, but this amount is sometimes exceeded. 
The results of the tests are as follows : 

Boiler tent. Grand Canal, August J 2, 1905. 

■ 

Duration of test, 4.07 hours. 

Total fuel used, 5,.S28 iK)unds. 

Average steam i)ressun» by gape, 128.8 iMmiuls iK»r square inch. 

Averajre tenii)erature of feeil water, ir)4.9° F. 

Factor of evajwration, 1.105. 

Total weij?ht of wat(T fed to lH)ller. r»2.S7:{ inainds. 

Eciuivalent wat(T evai)orated from and at lil2° F., 58,425 i>ouuds. 

Boiler horsepower, 41 (J. 

Average temi)erature of fuel oil, 8r>° F. 

Average air temperature, J)2° F. 

Water ai)parently evai)orate<l i)er ijound of oil, JU>2 inmnds. 

Equivalent evai)oration from and at 212° F. (not corrected for quality of 
steam), lO.lMi i)ounds. 

Total feed water (including steam used by auxiliaries) i)er indicated borse- 
l)ower-hour, 25.8 i)ounds. 

Engine, and pump t£8t^, Grand Canal. 
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255.2 
261.2 
258.5 
252.8 



Total. 



500.1 
."SOI. 5 
518.0 
491.2 
506.5 
502.2 
.'508.7 
506.3 
.^)00.8 



62.6 : i mS.O I 



Revo- 








1 


lutions 






Useful 




per 


Head. 


Dis- 


water 


Effi- 


mmute 


charge. 


horse- 


cienc^y. 


of 






power. 




pump. 














C«. ft. ver 




Per 




Feet. 


second. 




cent. 


2^ 


28.7 
28.7 








23^1 


68.3 


221.6 


44.2 


2.% 


28.7 
28.7 








233 


65.6 


212.8 


43.3 


2iM 


28.7 


68.7 


223.0 


44.0 


234 


28.7 


69.4 


225.2 


44. S 


234 


28.7 


66.7 


216.4 


42.5 


%V> 


28.7 


70.6 


229.2 


45. a 


23* 


28.7 


71.4 


231.5 


46.2 


234.2 


28.7 


68.7 


222.8 


44.3 



TKST OF PUMP NO. 1. 



10.15 

io.;y) 

11.00 
11.25 
11.45 
12 .. 
12.15 



118 
121 
118 
118 
118 
119 
120 



2,').l 
2.'-).2 
25.0 
24.6 
25.2 
25.6 
25.9 



70.0 ' 
70.0 I 
69.5 ! 
72.8 I 
67 J) 
63.0 
60.0 



260.0 
2.">9. 8 
2,58.0 
.301.0 
239.8 
162.8 
I'M. 2 



2.58. 1 
26(K3 
252.0 
291.5 
2.35.0 
l.")9.0 
110.1 



518. 1 
.ViO. 1 
510.0 
.59.5.. 5 
474.8 
321. S 
214.3 



2t)2 


29. 13 


68.26 


224.8 


43.4 


2()2 


29. 13 


67.21 


221.4 


42.5 


2()0 


29.. 13 


69.30 


228.3 


44.8 


272 


29.;i8 


74.25 


246.6 


41.4 


2.53 


29.10 


63.67 


209.5 


44.1 


2m 


28.68 


46.46 


150.6 


46.8 


224 


28.57 


24.66 


79.6 


37.2 



TKST OF PUMP NO. 2. 



7.00 

7.15 


122 
120 


2.5.5 
25.0 


65.0 
68.5 


192. 
238. 



5 I ia5.8 
5 236.5 



378.3 
475.0 



213 
2.56 



, 28.85 
28. S5 



49.75 
65.10 




42.9 
44.7 
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PLANT NO. 8, GRAND CANAL, NEW PLANT. 

Between the pumping seasons of 1905 and lOOO extensive changes 
were made in the equipment of the pumping phmt of the Grand 
Canal. The pumps were removed jind new ones, also of the cen- 
trifugal type, were installed. The boilers and the simple condensing 
Corliss engine were retained, but the fly wheel 20 feet in diameter 
was replaced by another of approximately 14 feet in diamenter. The 
rope drive connecting this engine to one of the pumps consists of six- 
teen strands of IJ-inch rope. 

A new water tube boiler, a tandem compound Corliss engine, and 
another pump were installed. The condenser used with the new 
engine is of the jet type; size of pump, 14 by '20 by 24 inches. It 
makes about 28 double strokes per minute. The boiler feed pump 
has dimensions 8 by 5 by 14 inches and makes about 9i double strokes 
per minute. These outfits are complete and separate pumping plants, 
although located in the same building. 

On September 20, 1906, a test was made to determine the mechan- 
ical eflSciency of the simple engine rope drive and pump. This test 
lasted from 3.30 to 6.20 p. m. The efRciency when operating at 
proper speed averaged 69.8 per cent — quite a contrast to the ivsults 
obtained in 1905. 

On September 21, 1906, a test was made of the new pumping equip- 
ment already referred to. This test lasted only three hours and forty- 
three minutes. Fuel consumption during that time was extremely 
regular, the water level of the boiler was fairly co^istant, and all con- 
ditions favorable for accurate results. However, a longer test would 
in all probability give a greater degree of accuracy, especially in the 
water evaporated by the boiler and used as steam by the whole plant. 
As the test was made late in the irrigating season there was very little 
demand for irrigation water, and when the canal was filled to the 
danger line the pumps had to be stopped. 

During the test fuel oil was carefully measured in a calibrated 
barrel. The heat value of the fuel oil was determined bv means of a 
Parr calorimeter and found to be 17,834 British thermal units per 
.pound, the lowest heat value the writer has ever found in an oil from 
the Jennings field. No water was present in the oil. Boiler feed 
water was measured by means of a 0-inch Cipolletti weir, so arranged 
that the heater could be used during the test. 

The steam-engine indicators used in both these tests had been cali- 
brated just j^revious to the test. Revolutions of the engine in each 
case were determined bv means of a continuous counter, read at inter- 
vals of five minutes. The average number of revolutions obtained 
from these readings was used in computing indicated horsepower. 
Revolutions of the pump were obtained from the known ratio of 
pitch diameter of engine and pump sheaves. 
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Water measurements were made with the current meter. The 
flume which conducts the water from the discharge to the canal is 
19.2 feet in width at the point where the water measurements were 
made. 

The current meter was slowly moved across the flume at three dif- 
ferent depths, the direction of movement then reversed, and the path 
retraced in an opposite direction. On account of the unusual width 
of flume it was found necessary to correct the current meter readings 
for the component of motion at right angles to the axis of the flume 
in each case. 

The height through which the water was lifted was carefully ob- 
tained by means of a tape that had been compared with a steel tape. 

The average mechanical efficiencies of engine, pump, and rope 
drive in the two cases agree remarkably well. The average in the 
case of the simple engine was ()7.4 and in case of the compound 69 per 
cent for observations where th(» proper speed was maintained. 

The centrifugal pumj)s show a remarkably high efficiency for 
a pump of that type. Their excellence is primarily due to good 
design, but one other cause is worthy of note. The double suction 
pipes enlarge from 24 inches near pump to 34 inches at a distance 
of about 4 feet from the flange of j)ump ; again at the lower end of 
the suction pipes there is a conical frustrum 9 feet long, with a 
diameter of 42 inches at intake. The vertical discharge pipes in e^ch 
case are enlarged to 42 inches a short distance above the pumps, and 
just below where they enter the bottom of the flume they are enlarged 
in the last 5 feet, changing the cross section from a circular section 
42 inches in diameter to a section 51 inches square at entrance to 
flume. Enlargement of suction pipe reduces the velocity of the 
entering water and reduces the entrance loss, while the enlarged dis- 
charge pipe reduces the velocity of the water discharged and conse- 
quently the " velocity head " lost at entrance to flume. 

The results of the test are as follows : 

Boiler test. Grand Catiah September 21, 1906, 

Duration of test, 3.717 hours. 

Total fuel oil used, 2,470 i)oiiiuls. 

Averaj?e steam pressure by gage, 15^^.4 pounds. 

Average temperature of feed water, 188.5° F. 

Factor of evaporation, 1.07-1. 

Total weight of water fed to boiler, 28,044 poiuids. 

Equivalent water evai)orated from and at 212° F., 31,086 pounds 

Boiler hors'ei)ower, 242.2. 

Water apparently evaporated per pound of oil, ll.(>9 i)ounds. 

Equivalent evaporation from and at 212° F. (not eorrec^ted for quality of 
steam), 12.50 pounds. 

Total feed water (including steam used bj' auxiliaries) per indicated horse- 
power hour, 17.7 pounds, 
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PLANT NO. 0, ABBOTT BBOTHSBS' LOWEB FABM. 

The test was made at the Abbott Brothers' lower farm, about 2 miles 
northwest of Crowley, La. The pumping plant supplies water to 9 
miles of main canals and 15 miles of laterals, and has watered as 
many as 7,200 acres of rice. During the season of 1905 it .furnished 
water for about 4,000 acres. 

The plant contains four horizontal tubular boilers 66 inches in 
diameter and IS feet in length, each having fifty-seven -i-inch tubes. 

There are thi*ee slide-valve noncondensing engines, with piston di- 
ameter of 16 inches and stroke of 20 inches. 

The engine tested is arranged to furnish jwwer by means of a rope 
drive to a single-suction centrifugal pump, having a suction pipe 20 
inches in diameter and discharge 18 inches in diameter. The other 
two units use Ix^lts l)etween engine and pumps. Although the 
pumps have single-suction pipes, there are cored passages to carry 
the water around the sides of the vortex chamber and cause it to 
enter the eye of the pump from both sides. In each case the dis- 
charge pipe is provided with an elbow at the top, so that the water is 
discharged horizontally into the flume. 

The fuel usimI is crude oil, costing 35 cents j^er barrel of 42 gallons 
delivered at the plant. The supply is obtained thi*ough a pipe line 
from the Jennings field. 

During the test two boilers were used and one engine and pump. 

The water, used by the boilers was first pumped by one of two 
direct-acting feed pumps, ordinarily used as l)oiler feeders, to two 
barrels that had Ix^en previously calibrated, where it was measured. 
These barrels emjDtied into another placed beneath them, which was 
connected to the suction of the other boiler feed pump. This latter 
pump forced the water through a closed heater, which received the 
exhaust of the engine and feed pumps and in which the temperature 
was raised from 80.5° F. to 189° F, 

The plant has been in use for several years. The piping and stop 
valves were so arranged that (considerable surface of bare^ pipe used 
to conduct steam to the engines was exposed, and acting as a con- 
denser, it was also found impossible to close s(mie of the valves coni- 
j)letely and thus prevent leakage. 

The boilers used were carefully examined and it was found that 
no water was leaking from blow-olT valves or elsewhere, so that all 
water measured and pumped to boilers was converted into steam. 
The boiler test was therefore satisfactory. At the completion of 
the regular test a leakage test was conducted to determine the amount 
of condensed steam passing through defective valves in the steam 
j)ipe, and the water apparently used by the engine and auxiliaries 
as steam was corrected. 



The leakage was found to be 16.88 per cent of the total water us>ed. 
St:«am was being used by oil burners while leakage test was made, 
a^ixd no correction made. As there is some leakage of steam when the 
entire plant is operated, and as one or two units are often operated 
^lone, the cost of oil was taken from results of tests as found. 

The test was made on July 20, after heavy rains. The level of the 

^^ater was unusually high in Bayou Plaquemine, but considerably 

lower than it had been two or three weeks previous, when the flood 

level was the highest since the irrigation of rice l)egan in that section. 

The mean lift was 15.4 feet, while ordinarily it ranges from 18 to 
24 feet. 

The water was measured in a flume 9.05 feet in width; the depth 
varied from about 0.7 to nearly 0.8 foot. The average velocity varied 
from 3.98 to 4.26 feet per second ; it was found by using the current 
meter and the Pitot tube alternately, the results obtained being the 
mean of nine observations of velocity at the centers of areas, each of 
which was one-ninth of the cross section of the flume. 

The results were equally satisfactory with the two instruments. 

Indicator cards were taken every fifteen minutes. 

The average efficiency of engine, rope transmission, and pump was 
41.9 per cent. If the mechanical efficiency of the engine is assumed to 
be 90 per cent and that of the rope drive 95 per cent, the efficiency of 
the pump alone was about 49 per cent. 

This plant is a type of many of the early installations in the rice 
country. 

The results of the tests are as follows: 

Bailer tent, Abbott Brothers lower farm, July 20, 1905. 

Duration of test, 4 hours. 

Total fuel oil, 1,920 iwuuds. 

Average stream i)ressure by gage, 75.1 i)ounds i)er squure iuch. 

Average temperature of 'feed water, 189° F. 

-Factor of evaporation, 1.058. 

Total weight of water fed to boiler, 25,3(K) poun 

Equivalent water evaporated fi*om -and at 212° F., 20.831 i)ounds. 

Boiler horsepower, 194. 

Average air temperature, 82° F. 

Water apparently evaporated per i)ound of oil, 18.15 pounds. 

Equivalent evai)oration from and at 212° F. (not corrected for quality of 
steam), 13.91 iwunds. 

Total feed water (including steam used by auxiliaries, but not including steam 
lost through valves) per indicated horsepower hour, 43.1 pounds. 
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TImo. 



11.00. 
11.15. 
11.30. 
11.45. 
12.00. 
12. 15. 
12.30. 
12.45. 
1.00.. 
1.15.. 
1.30.. 
1.46.. 
2.00.. 
2.15.. 
2.30.. 
2.45.. 
3.00.. 
3.19.. 
3.36.. 
3.51.. 

4.a>.. 

4.25.. 
4.45.. 



Engine and pump test^ Abbott Brothers^ lower farm. 



Steam 



Revo.u- 
tionspcr 



Indicated horsepower 



pressure.ininute of. iip«^i 
' em^ne. , 



crank. Total. 



Pounds. 
72 
79 

78 
76 
78 
75 



137 
140 
140 
138 
141 
139 



61.4 
65.4 
68.7 
64.6 
60.7 
65.1 



58.3 
61.9 
65.8 
60.7 
63.0 
62.4 



119.7 
127.3 
134.5 
125.3 
132.7 
127.5 



Revolu- 
tions per 
minute of 

pump. 



261 
264 
263 
261 
263 
264 



Head. 



Dia- 
charge. 



1 



Uaefol ! 
water • Eft- 
horse- I dCDCJ'. 

power ; 



Feet. 

.6.75 

15.75 

15.70 

15.67 

15.65 

15.62 



Cu. feet 
per sec. 



30.50 



.Per a. 



54.1 



42.4 



Mean . . 



72 
72 
72 
74 
73 
72 
80 
84 
73 
!2 
69 
62 
72 
75 
72 
73 



'3.9 



137 


63.9 


60.0 


123.9 


260 


139 


63.7 


60.5 


124.2 


262 


138 


63.8 


60.4 


124.2 


262 


i;» 


61.7 


56.5 


118.2 


264 


137 


62.4 ; 


58.8 


121.2 


258 


138 


63.8 ' 


60.4 


124.2 


262 


140 


68.0 i 


63.4 


131.4 


265 


137 


63.2 , 


59.0 


122.3 


250 


138 


62.4 ' 


58.9 


121.3 


264 


136 


60.7 


58 


118.7 


260 


135 


55.8 ' 


52.1 


107.9 


252 


130 


49.3 


44 6 


93.9 


247 


137 


61.3 


59.3 


120.6 


255 


138 


63.9 


61.8 


125.7 


265 


137 


61.8 


50.4 


121.2 


259 


137 


63.8 


50.7 


123.5 


260 



15.53 
15.40 
15.47 
15.42 
15 40 

15 36 
15.33 

16 31 
15 28 
15.25 
16.20 
15.17 
15. 14 
16.11 
15.06 
15 04 



27.90 



2».25 



28 97 



30.00 
28.81 



26 40 
29.39 

29.41 ; 

29 65 ! 
29.65 



137.6 122.2 



260.5 ' 15.40 



28.98 



49.0 
«.*2 



51.6 



52.0 
49.9 



46 3 
50.3 
50.4 
50.4 
50.3 



50.2 



».3 



42.6 
41.1 



4S.2 
41.7 
40.1 
41.6 
40.7 



41.9 



PLANT NO. 10, WESSON FABM. 

This plant is located on the farm of Mr. H. E. Wesson, about one- 
half mile northeast of the railway station at Welsh, La. 

The well is 175 feet deep: it has a 10-inch casing, with 60 feet of 
strainer. The number of acres watered in 1905 was 64, while in 1904 
135 acres were irrigated. 

The boiler is of the locomotive type, having 72 2-inch flues, 9 feet 
long, and, according to builders' rating, is of 50-horsepower capacity. 

The engine is simple noncondensing, and has a cylinder 12 inches 
in diameter and stroke of 15 inches. The boiler is fed by means of 
a pump attached to the engine or by an injector. 

The pump was a Xo. 8 centrifugal, with vertical shaft. 

The suction pipe was 8f inches and the discharge pipe 6 inches in 
diameter. Pump was submerged in a pit 31 feet deep and was about 
18 fieet under water at the time test was made. 

Pump was driven by means of a belt from the fly w^heel of engine, 
which was 60 inches in diameter; the pulley on pump was 18 inches 
in diameter. The fuel used was crude oil, costing 52.5 cents per 
barrel delivered at plant. 

The first cost of this plant, including well and the rough board 
building, was as follows : 

Engine, boiler, and shed $1,175.00 

Pump 175.00 

Belt 50.00 

Well, 175 feet, at $3.50 per foot 612.50 

Total 2, 012. 50 
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The plant had been in use for three years previous to the season 

^f 1905 and was sadly in need of repairs. The engine foundation 

^^onsisted of large pieces of timber, to which the frame of the engine 

^^^as bolted. The engine frame was rather light and, as it was called 

^ J)on to furnish power considerably in excess of its rating, the com- 

t^ination of light frame and wood foundation was accountable for 

'^ great lack of rigidity. The overload was due principally to the 

*ack of alignment of the pump shaft and to the settling of the casing 

and pump. In plants of this type the casing of the well, to which 

the suction of the pump is attached, often settles, pulling the pump 

with it, and, besides, there is more or less change in the position of 

the sides of the planking forming the sides of the pit. There are 

bearings for the vertical shaft at intervals, supported by timbers, 

which are in turn fastened to this pit lining. It is important that 

the main thrust bearing near the top of shaft, usually above the 

driving pulley, shall be able not only to support the shaft, but also 

the pull on the pump impeller, due to unbalanced pressures. Unless 

the pump and pits are examined from time to time and alignment of 

shaft carefully maintained trouble will follow. 

The condition of the pump was so bad that, after intermittent use 
for two weeks, the impeller had worn holes through the casing and a 
new pump had to be installed. This was after the test. 

During the test it was only with the greatest difficulty that the 
plant was operated; it was in as bad a condition as could possibly 
exist and yet allow pumping. 

The water pumped was measured by means of an 18-inch Cipol- 
letti weir; the depth was obtained by means of a hook gage. The 
head was obtained by getting the difference of level of water in dis- 
charge pipe of pump when pump was not running and the point to 
which the water was elevated by pump. 

It was desired that a vacuum gage be attached to suction pipe of 
pump and a pressure gage to the discharge pipe, so that the total 
head, including friction, could be obtained. This was impossible, 
because, as already stated, the water stood in the pump pit several 
feet above the pump. 

In pumping from a well the level of the water falls considerably 
as soon as the pump is started. 

Some head is required to force the water through the screen and 
the surrounding sand and gravel. In the tests of pumps taking water 
from the bayous and rivers the head used to compute efficiency was 
in each case the actual distance through which the water was lifted. 
In the tests of well plants the head used was that from original level 
of water before pump was started to height to which water was ele- 
vated. It is seen from this statement that this method puts the 
pumps used on well plants at a disadvantage, as the suction head in- 
creased when pumps were run, and there was no way to correct for 
the fall of water level. 
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Boiler teat, Wessotn plant, June SO, 1905. 

Duration of tost, 1.7;^ hours. 

Total fuel oil, 4<)5 iwunds. 

Average steam pressure !)y K^ge, 84 ik>uiu1s i)er s<iuare iu<!h. 

Average temi)erature of feed water, 88° F. 

Factor of evaporation, 1.165. 

Total weight of water fed to holler, 4,477 iwunds. 

Equivalent water evaporated from and at 212° F., 5,210 i)OHnds. 

Boiler horsejwwer, 87. 

Average temperature of fuel oil, 01 ° F. 

Average air temperature, 94° F. 

Water apparently evaporated per pound of oil, 11.1 pounds. 

Equivalent evaporation from and at 212° F. (not corrected for quality of 
steam), 12.9 pounds. 

Total feed water (including steam used by auxiliaries) i)er indicated horse- 
power-hour, 36.1 pounds. 



Engine and pump testy Wesson plant. 







Revolu- 


Indicated homepower. 


Revolu- 

tionaper 

minute of 

pump. 


Head. 


DiB- 
chaifpe. 


Uwful 
watfr 
liorae- 
power. 


Effici- 
ency. 


Time. 


pieMure. minute of 
engine. 


Head. 


Crank. 

36.4 
22.8 
37.2 
34.3 


Total. 


10.00 

10.30 

11.00 

11.30 


Potmds. 
89 
70 
90 

87 


176 
147 
181 
177 


43.4 
27.0 
44.1 
41.4 


79.8 
49.8 
81.3 
75.7 


490 
603 
£00 


Feet. 

14.06 

14.06 

14.38 

14.38 


Cu.fL 
per sec. 
2.22 
2.06 
2.16 
2.18 


3.54 
3.30 
3.52 
3.56 


Per 
cent. 

4.4 

6.6 

4.3 

4.7 ■ 


Mean . 


84 1 170 






71.6 


566 


14.23 


2.16 


3.48 


5.0^ 



















PLANT NO. 11, SAXBT FABM. 



There was marked contrast in the condition of the machinery teste 
at plant No. 10, when compared with that of No. 11. 

The plant is located on the farm of Mr. C. A. Saxby, about three — 
fourths of a mile southeast of Welsh, La. The number of acres? 
watered in 1905 was IGO, from which a yield of 2,052 barrels of rico 
was obtained. The well is 255 feet deep ; 60 feet of screen are used. 
The boiler is of the locomotive type; it had been in use for several 
years, and, notwithstanding the fact that there were bad air leaks in 
the breeching, it made a good showing during the test. 

The fuel used is crude oil, costing 52.5 cents per barrel of 42 
gallons delivered at plant. 

A simple, noncondensing engine is used; diameter of cylinder 11 
inches, stroke 15 inches, and diameter of rod If inches. 

The pump is a No. 6' vertical shaft centrifugal, but is provided with 
8-inch suction and discharge pipes. The plant has been in use for 
three seasons. The well is said to be one of the best in that section 
of the country. 



The cost of the pumping plant complete, including well, building, 
iXTid machinery, was $2,580. 

The pump is driven by a quarter-turn lx;lt; the distance between 
cienters of engine and pump pulleys was about 40 feet. Both the 
^*ngine and pump were in excellent condition. 

Three sets of observations were taken of the quantity of water 
jDumped. These measurements wore made in a small flume 3 feet in 
length and 22 inches in width. The depth of water varied from 
5J to 6 inches. The mean velocity was determined by means of a 
Pitot tube. Aft«r three observations had been made it became neces- 
sary to conduct the water from the pond in a different direction, and 
this necessitated the changing of the small flume. 

There was not sufficient time to do the work satisfactorily and con- 
ditions had been so uniform during the observations that further 
measurements were not considered necessary. 

The discharge from the pump, as shown Hy the observations made, 
varied between 1,732 and 1,598 gallons per minute. 

Owing to a wet winter and spring the level of the water in the 
wells of southwest Louisiana was about 10 feet higher in 1905 than 
during the average season. This was favorable to well plants, as the 
total head pumped against was less than usual. 
The results of the tests are as follows : 

Boiler test, Saxby plant, July 3, 1905, 

Dura ta ion of test, 4 hours. 

Total fuel oil, 690 pounds. 

Average steam pressure by gage, 98 pounds per square inch. 

Average temperature of fee<l water, 78.5° F. 

Factor of evaporation, 1.184. 

Total weight of water fe<l to l)oiler, 7,210 pounds. 

Equivalent water evaporated from and at 212° F., S..^):?7 pounds. 

Boiler horsei)ower. 02. 

Water apparently evaporated i)er pound of oil, 10.4.5 pounds. 

Equivalent evaiioration from and at 212° F. (not corrected for quality of 
steam). 12..37 iMmnds. 

Total feed water (including steam used by auxiliaries) i)er indicated horse- 
I)ower-hour, 58.7 iwunds. 

Engine and pump test, Saxhy plant. 



Time. 



2.00. 
2.30. 
3.00. 
3.30. 
4.00. 
4.30. 
5.00. 
5.30. 



Mean 





Revolu- 


Steam 


tions per 


pressmrs. 


minute of 




engine. 


Pounds. 




95 


154 


103 


158 


100 


157 


96 


158 


100 


157 


95 


156 


97 


157 


96 


157 


98 


156.7 



Indicated horsepower. 



Head. 



Crank. Total. 



15.4 
15.8 
15.3 
15.8 
15.7 
15.2 
15.6 
16.4 



14.9 
15.0 
14.9 
15.5 
15.0 
14.6 
15.0 
15.8 



I 



30.3 
30.8 
30.2 
31.3 
30.7 
29.8 
30.6 
32.2 

30.7 



Revolu- 
tions pei* ^ ^ 
minute of "^^• 
pump. 



520 
533 
530 
533 
530 
527 
530 
530 

529 



Feet. 

15.25 

15.25 

15.25 

15.25 

15.25 

15.25 

15.25 

15.25 

15.25 



Dis- 
charge. 



Cu.ft. 

per sec. 

3. 56 

3.57 

3.86 



3. 66 



Useful 
water 
horse- 
power. 



Efla- 
ciency. 



6.16 
6.16 
6.67 



Per 

cent. 
20.3 
20.0 
22.1 



6.33 



20.8 
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PLANT NO. 12, CBOWLET FABMING COMPANY. 

Test No. 12 was made on a pumping plant on the farm of the Crow- 
ley Farming Company (which is a part of the Green-Shoemaker in- 
terests). This plant furnished water to irrigate 500 acres of rice in 
1905, the total yield from which was 3,552 barrels, or 7.1 barrels per 
acre. 

There are three 10-inch wells, each 200 feet deep, with 32 feet of 
strainer. The wells are connected to a common suction pipe at the 
pump, which is located at the middle of the top of a T, formed 
by three suction pipes, so that the pump is 50 feet from each well. 

A simple noncondensing slide-valve engine, rated at 50 horsepower, 
with cylinder diameter of 12 inches and stroke of 15 inches, is used. 
It was in good condition. A rope drive is used to connect the engine 
with a rotary pump. Five 1-inch ropes form the drive, the sheave 
on the pump being 72 indhes and on the engine 66 inches in diameter. 

The pump is of the chamber-wheel type; the displacement per 
revolution is 26.8 gallons, or 3.58 cubic feet. 

The boiler was of the stationary, locomotive type, having ample 
capacity to furnish steam to engine; builder's rating, 60 horsepower. 

The fuel used was crude petroleum. As it was stored in a cylin- 
drical tank, from which oil was fed by gravity to the burners, direct 
measurements of the fall of the level of the oil were taken, together 
with temperature and specific gravity. From these observations the 
weight of oil used was computed. 

The boiler was fed by means of an injector, the immediate supply 
being a wooden cistern located near the engine house. 

A pipe leading from the flume into which the pump discharged 
conducted water to the cistern. During the test the valve in this 
pipe was closed and the fall of water in the cistern was noted and 
• the amount computed from the measurements. 

Water measurements werie made in the flume about 75 feet from 
the pump. Traverses were made by slowly moving the current meter 
across the section at different elevations and the mean velocity thus 
found. The width of flume was 4.05 feet and the depth varied 
from slightly over 1 foot to nearly 1.6 feet. 

The test was begun at 10.45 a. m. and lasted two and three- fourths 
hours. 

Before starting the test one of the well covers was removed and the 
depth of tvater measured. This was done in order to get a compari- 
son with the two other tests of well plants, where the distance through 
which the water was pumped was taken as the difference in level of 
the water standing in wells and the discharge. 

The head thus obtained was used to compute the " useful work " in 
the log of test. 
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A vacuum gage was attached to the suction pipe near pump and 
was read at each observation during test. The reading of this gage 
reduced to feet of water and added to the height to which water was 
elevated above the point where suction head was obtained gave the 
total head produced by pump in elevating the water, in overcoming 
friction, and in producing the flow of water. This head appears in 
the log of results under the title " including friction." 

The difference between the two must not be charged entirely to 
friction, as the water level about the wells undoubtedly fell as soon 
as the pump was operated. 

Two eflSciencies were computed, one for each of the heads as stated 
above. 

The conclusion can not be drawn that the efficiencies of the other 
two well plants tested, near Welsh, would have been increased pro- 
portionately, for we do not know what effect was produced by the 
three wells connected to one pump in the one case and to a single 
well in the other two cases. 

The type of pump in this case was different from that in the other 
two. The efficiency in each of the three cases that may be compared 
is strongly in favor of the plant under discussion, but this may be 
due in some measure to the three wells furnishing the water. 
The results of the tests are as follows : 

Boiler test, Crowley Farming Company, July 21, 1905, 

Duration of test, 2.75 hours. 
Total fuel oil, 452 pounds. 

Average steam pressure by gage, 79.3 pounds per square inch. 
Average temperature of feed water. 82° F. 
Factor of evaporation, 1.170. 
Total weight of water fed to boiler, 4,872 pounds. 
Equivalent water evaporated from and at 212° F., 5,700 pounds. 
Boiler horsepoiver, 51. 
Average temperature of fuel oil, 03° F. 
Average air temperature, 93° F. 

Water apparently evaporated per pound of oil, 10.78 pounds. 
Equivalent evaporation from and at 212° F. (not corrected for quality of 
steam), 12.61 pounds. 
Total feed water per indicated horsepower-hour. (>1.7 pounds. 
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Tiiiuv 



10.45 

11.00 

11.15 

11.30 

11.45 

12.00 

12.15 

12.30 

12.45 

1.00 

1.15 

Mean. 



so 
as 

a 
•6 

CO 



Lbtt. 

77 
84 
77 
83 
82 
7fi 
77 
70 
77 
80 
83 



Engine and pump test, Crowley Fanning Company plant. 



K 



9Cr C 

C 

o 

.33 . 

tSTk 
tf I 



135 
136 
135 
134 
13G 
134 
135 
135 
135 
135 
135 



79.3 I 135 



Indicated horse- 
power. 


• 


Crank. 


' Total. 



14.2 

14.1 

14.1 

14.1 

14.2 

14 

14 

14 

13.9 

14.1 

14 



14.6 

14.7 

14.9 

14. 5 

15 

14.4 

14.5 

14.8 

14.5 

14.5 

14.4 






Useful work. 



I _ 



28.8 


123 


28.8 


125 


29. 


124 


28.6 


124 


29.2 


126 


28.4 


123 


28.5 


123 


28.8 


123 


28.4 


123 


28.6 


123 • 


28.4 


123 


28.7 


123.6 

1 



03 



Cu.ft. 
pr. sec. 



W 



Feet. 



2»- 






Per 
cent. 



Including frictr 



I 

u 

SI 



iOfl. 



4.77 
4.79 
4.98 
4.85 
4.94 
4.81 
4.89 



15.75 , 
15. 75 ' 
15. 75 I 
15. 75 ' 
15.75 
15. 75 ; 
15.75 ' 



8.51 
8.55 
8.88 
8.64 
8.81 
8.58 
8.73 



29.5 

29.5 

31.1 

29.6 

31 

30.1 

30.3 



c8 



Feet. 



28.87 
29.16 
29.16 
29.16 
29.16 
29.16 
29.16 



15.60 
15.82 
16.45 
16.02 
16.32 
15.89 
16.14 



4.81 
4.71 



15.75 
15.75 



8.40 



30. 
29.6 



29.16 
29.16 



8.63 



30. 1 29. 13 



15.90 
15.56 



15.97 










Pfr 
cent. 



54.2 
54.6 
57.5 
519 
57.5 
55.8 
56 



55.5 

54.8 



55.6 



PLANT NO. 13, SOUTH SIDE PLANTING COMPANT DBAINAGE 

WHEEL. 

This test was made of a pumping plant used to drain the sugar 
plantation of the South Side Planting Company, on the right bank 
of the Mississippi River, opposite New Orleans. It contains 1,700 
acres, 1,600 of which were under cultivation in 1905. 

Open ditches are used exclusivel3^ The smaller ones are brought 
together successively and terminate in a large canal leading to the 
drainage wheel. The water drains away from the river. The flow 
is obtained by deepening the ditches as they approach the pumping 
plant, as well as from the natural slope of the land. Here the water 
is elevated and then flows back into the swamps. The plantation is 
protected from backwater by means of a levee. 

This type of pump is used in northern Italy and in Holland. It 
has long been a favorite in Louisiana, but was used much more ex- 
tensively a few years ago than at present. 

The wheel tested is a type of its class, but has some distinct fea- 
tures in the double gearing and in the number of paddles, which is 
greater than is sometimes used. The general design and method of 
bracing are clearly shown in the drawing (fig. 2). 

The diameter of the wheel is 28 feet; the width, (> feet. 

The test was made while pumping out the canal system, and was 
necessarily short, lasting only about an hour. 

A boiler test under existing conditions would have been worthless 
and was not attempted. 

The steam pressure is 40 pounds or less, as this is the allowed pres- 
sure for the old boiler. Very little skill is required in operating this 
plant, and there is a feeling of reliability in connection with the 



entire outBt. Ordinarily wood is used as fuel. An engine having 
a cylinder 16 inches in diameter and sti-oke of •I'i inches is used to 
Hrivp the wheel. It is of the simple non<>on den sing slide-valve l>'|)e. 
Tho plant is looked after and operated by an unskilled laborer 
snci it never gives trouble. When a rain a>mes in sufficient amount 
to demand pumping he starts a fire, gets up steam, and runs as 

•'^ug as required. Often this is but for an occasional few hours, but 

Sometimes the wheel is run steadilv for a week. 




Fio. 2.— Dminiigi 



Care was exercised to so design this wheel that the water would 
not be lifted unnecessarily. The backward flow through the pump 
wheel when at rest is prevented by the swinging door shown in the 
drawing. 

The results are very satisfactory, as they show an efficiency of 
engine, transmission gears, and pump in every case exceeding 38 
per cent, and in two cases considerabi}' above that figure, while the 
actual lift of the pump varied from 2.4 feet to 2.86 feet. 
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The quantity of water pumped fell off as the level of the water on 
the suction side fell, and varied from 20.71 cubic feet per second to 
8.21 cubic feet per second. 

During the last observation the paddles dipped into the water to 
a depth of, approximately, 1 foot, and the slip or backward flow 
was quite large. The clearance on the sides of paddles was about 
three-fourths of an inch. 

By referring to the log of results it will be seen that only 6.95 
indicated horsepower was required to drive the wheel at the last 
observation when lifting 8.21 cubic feet per second 2.86 feet, and 12.61 
indicated horsepower when lifting 20.71 cubic feet per second 
through 2.4 feet. 

The method of testing consisted of traversing the discharge flume 
with a current meter and taking indicator cards and other observa- 
tions as quickly as possible after traverse was finished. By this 
means the indicated horsepower was a little less than the mean cor- 
responding to the water measurement, but as the latter required only 
about ten minutes the error is not great. The method used was 
rendered necessary by lack of observers. 

These results are confirmed by the test of a similar drainage wheel 
in New Orleans in August, 1900. The wheel tested was used at 
that time in one of the city drainage stations. Since the inaugura- 
tion of the new drainage system it has been taken down and removed. 
The log of the test shows that between 50 and 60 cubic feet of water 
per second was pumped through a height varying from 4 to 5 feet. 
The efficiency of engine, gearing, and pump ranged from 45 to 50 per 
cent. The duty per 100 pounds of coal was approximately 13,000,000 
foot-pounds; the water rate of the engine was 50.5 pounds per indi- 
cated horsepower-hour. The engine was of the type used in Missis- 
sippi River steamboats; the length of stroke was 54 inches and 
diameter of cylinder 18 inches. During the test the engine made 
about 35 revolutions per minute. 

One of the chief objections to this type of pimip is found in the 
fact that it is made largely of wood and that the bolts must be 
screwed up occasionally as the wheel is inspected. 

Secure foundations are especially desirable on account of the 
weight of the wheel and the small side clearance desired for the 
paddle. 
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The details of the test are given below : 

Engine and pump test, SoiUhside Planting Company drainage wheel. 



Time. 



10.10. 
10.45. 
11. 10. 
13.15. 
12.30. 



I Steam 
< pressure. 



Mean 



Pounds. 
40 
40 
38 
36 
• 37 



Revolu- 
tions per 
minute 
of en- 
gine. 



3S.2 



61 

66 

68 

67.5 

68 



66.1 



Indicated horsepower. 



Head. Crank. 



50 
48 
77 
67 
15 



7. 
7. 
5. 



,84 
13 
60 
5 13 
3.80 



Total. 



(Av. last 4.) 



Revolu- 
tions per 

minute i 
of wheel. 



13.43 


2.00 


12.61 


2.17 


10.37 


2.24 


8.80 


2.22 


6.95 


2.24 


9.68 


2.22 



Head. 



Dis- 
charge. 



Useful 
water 
horse- 
power 



Effi- 
ciency. 



Feet. 



Cu.ft. ' 
per sec. \ 



2.4 
2.8 
2.7 

2.86 



20.71 

17.20 

11.23 

8.21 



2.69 



14.34 



I 



5.59 
5.41 
3.41 
2.66 



4.27 



Per 
cent. 



44.3 
52.2 
38.8 
38.3 



43.4 



PliANT NO. 14, AIiGIEBS DRAINAGE PLANT. 

Algiers, La., is a suburb of New Orleans, situated on the right 
bank of the Mississippi River, and forming a part of the city. The 
drainage plant tested is one of the plants forming the drainage sys- 
tem of New Orleans. It differs from the other drainage plants of 
the city in that it has its own boiler and engine equipment, while 
those of the city proper are supplied with electrical power generated 
at a central power station and distributed to the various pumping 
plants. Artificial drainage is a necessity, as the mean level of the 
city is only about 2 feet above that of the Gulf of Mexico, and there 
are large portions of the city below the mean Gulf level. 

The boiler equipment consists of two 200-horsepower water-tube 
boilers, fed by means of direct-acting steam pumps. Only one boiler 
was used during the test. One pump was used to furnish water to 
the calibrated barrels, where it was measured, and the other pump 
then forced it into the boiler through a closed heater receiving the 
exhaust of boiler feed pumps and vacuum pump. 

The fuel used was crude oil, costing 78 cents per barrel of 42 gallons 
delivered at plant. 

The engine is a triple expansion of the marine type, direct con- 
nected to pump. The diameters of steam cylinders are 13, 21, and 34 
inches, and the stroke is 24 inches. A jet condenser and vacuum 
pump of ample size were used. 

The pump is centrifugal, having double suction pipes, each 36 
inches, and discharge pipe 52 inches in diameter. The pump is sev- 
eral feet above the level of discharge. 

Before starting it was primed by means of a steam siphon. 

The level of the water on the discharge side was practically con- 
stant during the test, while the suction level fell as the canal was 
pumped out. 
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During a heavy and uniform rainfall it would be possible to have 
a constant height through which the water is lifted for several hours. 
At the time the test was made there was no rain, and the water 
pumped had been allowed to accumulate in the drainage canal lead- 
ing to the pumping station. The pump was operated until the canal 
was nearly emptied, when the test had to stop. 

An efficiency test was made of the boiler. It lasted but seventy 
minutes. 

While a boiler test of this duration with any fuel other than crude 
oil would be ridiculous, and in any case is subject to some error, this 
test was as satisfactory as possible under the conditions. 

The boiler had not l)een used for some time previous to raising 
steam for the test, and for this reason did not show as good results as 
it would had the walls been thoroughly heated before starting. 

Water measurements were made bv means of Pitot tubes in the sue- 
tion pipes. These pipes were made of cast iron and were 30 inches in 
diameter. There were two l)ends in each, one a long radius bend 
through 1)0°, while the other was through about 45° in the opposite 
direction. 

The traverses were nuide in each cast* on an axis of symmetry and 
simultaneously in the two pipes. To obtain the quantity of water 
from these observations the platted traverse of each cross section was 
divided into ten annular rings of equal area, and the velocity of the 
water was taken at the mean radius of each annular ring. The 
average of these ten velocities was used in computing the quantity of 
water pumped. 

One of the Pitot tubes was that described elsewhere and illustrated 
in figure 1 (p. 10). The other was one of the tubes used by the Mis- 
sissippi River Commission in tests of hydraulic dredges in 1902 and 
1903. 

Indicator cards, the height through which the water was lifted, 
and the other observations were taken at fifteen-minute intervals. All 
results were platted on a time basis; and as observations varied 
regularly, it was thought best to compute results by reading the va- 
rious quantities from these curves. 

The boiler results are about what would be expected under the con- 
ditions of the test. 

The total steam used by engine, auxiliaries, and oil burners is 
extremely large for a triple-expansion engine. However, the engine 
load was considerably less than that which it was designed for, and 
the two steam pumps and the vacuum pump were very wasteful of ' 
?^eam, especially the latter. 



The results of the tests are given below : 

Bolter te«t. drainaae plant, AlyitTK, La.. Auyust 31, 1905. 

EMiratloii uf test, 1.17 hours. 

Total fuel oil, 700 pounds. 

Average nteaai pressure by gage. 140.6 |)0uii<1b per sguure Itit'ti. 

Average temperature of feed water. 196.2° F. 

Factor of evaporation, 1.004. 

Total weight (if water fed to boiler. T^T pounds. 

Equivalent water evaporated from und iit 212° F., T.T22 itouuds. 

Boiler horsepowei-, 101. 

Average temperature of fuel oil. 83° F. 

Average air temperature. 89° F. 

Water apimrently evaporated per i>outid of oil, 10.H7 pouuda. 

Eqalvalent evaporation from and at 212° (not corrected foi* quality of 
steam), 11.03 pounds. 

Total feed water (iududing steam useil lij- auxiliariew) [)er indicated liorse- 
pow-er-hour, 32 pounds. 

Engine otid pump lent. Ali/em driiiiuiye plant. 
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PULNT HO. IS, NEW OBXEANB DBAINAGE STATION NO. 3. 

The turbine pump tested is located at station No. 3 of the Sew 
Orleans drainage system. It was installed as a fire pump and has 
lieen used principally to prime the larger pumps at the station. The 
pump is a two-stage turbine, having a 6-inch suction and a 4-inch dis- 
charge pipe. It is driven by a dire<'t current motor on the same bed 
plate, A rotary converter in the station receives an alternating cur- 
rent from the central power house of the drainage system and fur- 
nished a direct current to the motor driving the pump. 

The discharge head was measured by means of a pressure gage oii 
the discharge pipe near the pump. Tlie suction was measured by 
means of a vacuum gage on the suction pipe near tlie pump. Both 
gages were carefully calibrated. The total head was obtained by re- 
ducing both these observations to feet of water, correcting for the 
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difference of level and adding the difference between velocity heads 
in discharge and suction pipes. By this means the pump is given 
credit for the velocity head it produces as well as for pumping the 
water against pressure equivalent to the given heads. 

The water discharged from the pump was measured by means of an 
18-inch CipoUetti weir, placed in a tank having baffle plates so ar- 
ranged that the water flowed quietly to the weir. The depth of water 
over the crest of the weir was measured by an accurate hook gage. 

The electrical losses were measured and corrections made. 

The friction of pump and motor was obtained when pump was not 
primed, and one-half was charged to each in getting the efficiency of 
pump, assuming the friction to be constant for all loads. 

Observations were taken, beginning with the discharge valve closed 
and then opening it slightly and again taking observations as soon 
as all conditions were constant ; then valve was opened a little more 
and the process continued until the discharge valve was wide open. 

Some trouble was experienced with the thrust bearing, on account 
of heating, but the test was not seriously interfered with. 

The results of the test are given below : 

Pump test, yeic Orleans drainage station No. 3, 



Time. -^-S 



9.50. 
9.55. 
10.00 
10.03 
10.06 
10.09 
10.12 
10.15 
10.18 
10.21 
10.24 
10.27 
10.30 




08 ^' 






18.95 
23.31 
32.09 
34.92 
37.36 
39.03 
40.26 
42.23 
43.31 
43.96 
45.15 
46.27 
46.82 



o 



QQ 



Feet. 

2.20 

3.06 

6.46 

8.72 

10.20 

12.23 

13.48 

14.95 

16.20 

18.01 

19.37 

21.01 

21.53 
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per 
sec. 




Feet. 


Feet. 


Feet. 




136.2 


142.8 











140.0 


147.6 


.241 


.597 


9.98 


127.3 


139.1 


.322 


.923 


14.54 


115.7 


130.3 


.362 


1.101 


16.25 


104.2 


120.7 


.387 


1.216 


16.62 


92.5 


111.5 


.408 


1.316 


16.60 


81.0 


101.6 


.427 


1.409 


16.20 


69.4 


92.0 


.446 


1.504 


15.67 


57.8 


82.0 


.459 


1.571 


14.50 


46.3 


72.7 


.476 


1.657 


13.62 


34.7 


62.9 


.489 


1.727 


12.30 


23.1 


53.1 


.495 


1.750 


10.67 


16.2 


46.7 


.495 


1.759 


9.30 



•ill 



>»d 



« 5* , o o 

S s - o o 



Per 


1 
Per 


cent. 


cent. 








42.8 


50.2 


45.3 


52.0 


46.5 


53.1 


44.5 


50.7 


42.5 


48.3 


40.2 


45.6 


37.1 


42.0 


33.7 


38.1 


31.0 


35.1 


27.2 


30.8 


22.8 


25.8 


19.8 


22.4 

1 



Per 

cent. 



85.3 
87.1 
87.6 
87.7 
88.0 
88.1 
88.3 
88.3 
88.3 
88.4 
88.4 
88.4 



PLANT NO. 16, NEW OBLEANS DBAINAGE STATION NO. 7. 

This plant has been recently installed at station No. 7 of the New 
Orleans drainage system to take care of the ordinary drainage of 
a portion of the city; for this reason it is called a constant-duty 
unit. During heavy rains the drainage is disposed of by means of 
the large centrifugal pumps of the station. The latter are electric- 
ally driven. 

The gas engine is a 3-cylinder vertical, of the 4-cycle type, each 
cylinder 12^ inches in diameter, stroke 13 inches. Gas is supplied 
from a suction producer. The engine is connected by means of a 



49 

flexible coupling to a horizontal shaft which in turn drives a vertical 
shaft through bevel gears. At the lower end of the vertical shaft is 
the impeller of the centrifugal pump. The suction pipe of the pump 
is 36 inches in diameter, while the discharge pipe enlarges from 20 
inches diameter at pump to 30 inches diameter at a distance of a few 
feet. 

The fuel used was pea anthracite coal ; it was carefully weighed. 

A preliminary test was made, using a prony brake on engine and 
taking indicator cards. When the engine developed 100 brake horse- 
power it was found that the indicated horsepower as computed with 
uncorrected springs was almost exactly the same figure. The springs 
were nominally rated at 200, but on calibration they were found 
to be in error by 16.6 per cent. This correction was applied and the 
indicated horsepower was found to be 120 when the brake horse- 
power was 100 and the revolutions approximately 300 per minute. 
The mechanical eflSciency of the engine was therefore 83.4. per cent. 
As the revolutions varied but little from 300, it was thought best 
to take the indicator cards obtained during the test and, having 
corrected for the springs to compute the indicated horsepower and 
then subtract 20 to give the brake horsepower, or, in other words, the 
developed horsepower of the engine. The horsepower given pump 
(called in log Pump H. P.) was obtained by subtracting 25 from the 
indicated horsepower in each case, as a preliminary test had shown 
the friction of gears and bearings between the flexible coupling and 
the shaft just above the pump to be 5 horsepower, and the friction 
of engine, as stated above, was 20 horsepower. 

Water horsepower was computed in the usual way. The head was 
that between suction and discharge basins on the two sides of the 
pumping station. The water had to pass through 50 or 60 feet of 
pipe, but enlargements at entrance and discharge ends and low veloc- 
ity reduced the losses in the piping. 

The velocity of the water was obtained by means of the Pitot tube. 
Traverses were made at fifteen-minute intervals across the discharge 
pipe about 30 feet from the pump; observations were taken at such 
distances from the center that the mean velocity could easily be com- 
puted. The discharge pipe, 30 inches in diameter, was divided up 
into ten areas, all of which, with the exception of that at the center, 
were annular rings. The tube was placed at such positions that the 
mean velocity in these annular rings was obtained on both sides of the 
rrenter. For each traverse nineteen observations were made. The 
results platted in the curves were the mean of three readings for each 
point. In the circle at the center of the pipe, containing one-tenth of 
the area of cross section, but one observation of velocity was taken, 
while in the annular rings two observations were taken, one on either 
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side. In order to give all observations equal weight, the velocity 
obser^'ed at the center o£ pipe was doubled and added to the other ' 
18 observations ; the sum divided by 20 gave mean velocity. 

The indicating of gas engines is often unsatisfactory. During this' 
■ test trouble was experienced with the indicator on cylinder So. 3, 
and some of the cards were not as satisfactory as could be desired. 
For this reason the indicated horsepower and results dependent on 
that quantity may be somewhat in error. The error may amount to 5 
per cent or possibly more in the efficiency of the pump, the true value 
being less than that stated. 

The friction of gears, bearings, and so forth had to be determined 
when running light; the friction loss probably changes slightly for 
increased load. 

The measurements of coal used, the head pumped against, and the 
amount of water pumped were satisfactory and, fortunately, these 
are the most important factors. 

Approximately 1,1 pounds of coal was used per brake horsepower- 
hour, or about 0.9 pound per indicated horsepower-hour. 

The duty in millions of foot-pounds per 100 pounds of coal was 
found to be 119.6, while the duty per million British thermal units in 
fuel was 82.4 ; this. is an excellent showing. 

The heat value of the pea anthracite coal was found, by means of a 
Parr calorimeter, to be 14,374 British thermal units per pound. The 
percentage of energy in the fuel that appeared as indicated horse- 
power was therefore 20.75 per cent; as developed or brake horse- 
power, lfi.2 per cent ; and as useful work, 10.6 per cent. 

Cost of coal, $8 per ton delivered at plant. 
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PLANT NO. 17, NECHES CANAIi COMPANY. 

The Neches Canal Company furnished water to irrigate approxi- 
mately 22,000 acres of rice during the season of 1906. The main 
pumping plant is located on the bank of Pine Island Bayou, a tribu- 
tary of the Neches River, about 6 miles north of Beaumont, Tex. 
At this plant the water is elevated from 31 to 35 feet, depending on 
the stage of water in the bayou. A canal, with levees 150 feet from 
crown to crown, conducts the water from the main pumping plant to 
the relift about 2 miles distant, where it is again elevated 10 feet. 
Beyond the relift plant there are 23 miles of main canal and about 
18 miles of laterals through which the water is distributed to the 
rice fields. The cost of pumping plants, canals, and laterals was 
$500,000. The system has been operated four seasons. 

The tests described were made on August 8 and 9, 1906. The 
plant tested was the first lift or main pumping plant of the Neches 
Canal Company. On the first day one-half of the plant was oper- 
ated, while on the second day the entire plant was run. 

The boiler equipment of this plant consists of two water-tube 
boilers, each of 400 nominal horsepower, having 3,675 square feet of 
heating surface. Each boiler has two drums 42 inches in diameter, 
21 feet in length, and 180 4-inch tubes 18 feet long. A breeching 72 
inches in diameter conducts the burned gases to a steel stack of the 
same diameter, resting on a brick base. The length of stack is 90 
feet and the total height above furnace about 115 feet. 

Steam is conducted from the boilers by separate pipes to a main 
which supplies the various engines. By means of a stop valve the 
two halves of the plant may be separated and boiler No. 1 used to 
supply steam to engines Nos. 1 and 2, and boiler No. 2 used with en- 
gines Nos. 3 and 4. There are steam separators above each engine. 

The fuel used was crude petroleum. It was fed to the furnaces by 
gravity, as the storage tanks are located at a height considerably 
above that of the furnaces. Steam is used to atomize the oil. 

There are four tandem compound condensing Corliss engines; 
dimensions, 18 by 36 by 48 inches; piston rods, 4f and 3J inches in 
diameter. Each engine is direct connected to a rotary pump by 
means of a flexible coupling. Keys of Babbitt metal are used in the 
couplings. These keys are made strong enough to carry the load, but 
will shear in case a piece of wood or other obstacle gets into the 
pumps. 

The pumps are two-lobed cycloidal of 39 inches pitch diameter. 
The impellers are 52 inches in length and 58^ inches in diameter; 
the displacement is 605 gallons per revolution; the bearings are 11 
inches in diameter by 30 inches in length. 

Two vertical vacuum pumps are used, one for engines Nos. 1 and 
2 and another for engines Nos. 3 and 4. They are of the jet type. 
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The dimensions of these pumps are 12 by 28 by 18 inches ; the num- 
ber of double strokes per minute, about thirty-five. 

Two direct-acting steam pumps are used for boiler feeders when 
the entire plant i^ in operation. They are outside packed, double 
acting, having dimensions 15 by 8 by 12 inches. The usual number 
of double strokes is about twenty-one per minute- 
There are two No. 7 heaters; each receives the exhaust from one 
vacuum pump and one feed pump. 

The object of the tests was to determine the various efficiencies of 
the plant, the mechanical efficiencies of pumps and engines, and the 
cost of operating. Great care was used in measuring the input of 
energy in the form of fuel oil and the output in the form of useful 
water horsepower. 

On August 8 engines and pumps Nos. 3 and 4 were run. Steam 
was furnished by boiler No. 2. The stop valve in the steam main 
between the two halves of the plant was closed. There was some 
leakage at this valve and also at the two blow-off valves of the 
boiler used. Leakage of air through boiler No. 1 caused another loss. 

A second test was run on August 9, 1906, with the entire plant in 
operation. During this test there was no leakage from the blow-off 
pipes of either boiler. The drain pipes from the steam separators 
were closed on both days; the other leaks from the steam main were 
small and no attempt was made to measure them. 

On the first day continuous counters on engines Nos. 3 and 4 were 
read at intervals of five minutes. Readings for fifteen-minute inter- 
vals are given in the general log. For computing the indicated horse- 
power the revolutions were taken from the five-minute intervals dur- 
ing which the cards were taken. Indicator cards were taken every 
half hour. 

The discharge from the two pumps was carefully measured in flume 
No. 2 by means that will be described later. In this way the displace- 
ment of pumps and their discharge were compared and the mechan- 
ical efficiency of engines and pumps determined. 

Observations were also taken at half -hour intervals of boiler pres- 
sure, the temperatures of feed water, calorimeter, water pumped, air, 
and fuel oil. A draft gage connected to an air valve in the breeching 
gave the draft in inches of water. 

Fuel oil was carefully measured in a calibrated barrel and its spe- 
cific gravity observed throughout the test by means of a hydrometer. 

The amount of boiler feed water was measured by means of a weir. 

On the second day, when the whole plant was in operation, the total 
water discharged from both flumes was measured; at intervals of 
fifteen minutes the water measurements were made, so that they were 
repeated in each flume at half-hour intervals. 
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The head was carefully measured in the same manner as on the 
previous day. 

The fuel oil was carefully measured. The steam pressure was held 
exactly as on the previous day. In this way the total useful work 
done and the amount of fuel required to operate the entire plant were 
measured under conditions exactly corresponding to the previous day. 
Feed water was measured only during the test of August 8. As the 
tests were to represent as nearly as possible the conditions of ordinary 
operation it was desirable to use the heaters, the water level in which 
was only about 2 feet above the center of the feed pump. The high 
temperature of the feed water made it necessary to have the water 
flow by gravity to the pumps. The pipe connections were short and 
the measurement of feed water in calibrated tanks could only be 
accomplished by the aid of an extra pump or by taking cold water 
from the fliune. A trapezoidal weir 6 inches in width was intro- 
duced between the heater and pump by slight changes in the piping. 
The discharge from the weir was into a barrel connected to the suc- 
tion of the feed pump. The height of the water above the sill of the 
weir was measured by a hook gage. In this way the plant was 
operated under normal conditions and the water measured with con- 
tdderable accuracy. The weir had been previously calibrated in the 
hydraulic laboratory of Tulane University, Louisiana, and its con- 
stant determined. It is believed that the error involved does not 
exceed 2 per cent, and that it is probably only half that amount: 

By this method all the water fed to the boiler was measured. The 
steam generated by the boilers was used by main engines, by vacuum 
and feed pumps, and for atomizing the fuel oil. 

The quality of steam was obtained by means of a throttling calorim- 
eter in the vertical pipe coming from the boiler, a short distance 
above the junction of the vertical pipe with the horizontal main. 

The conditions of the boiler test were extremely uniform; the water 
level changed very little and the rate at which water was supplied to 
the boiler was not varied throughout the test. Steam pressure, qual- 
ity of steam, and the temperature of the feed did not vary perceptibly. 
Boiler pressure and vacuum were read by means of calibrated gages. 
The error of the thermometer used in the calorimeter was known 
and the correction applied. 

Two indicators were used on engine No. 3 and two on engine No. 4. 
All were supplied with wheel reducing motions. Each cylinder of 
each engine was supplied with three-way cocks. On the high-pressure 
cylinders 80-pound springs were used, while 20-pound springs were 
used on the low. The springs were calibrated after the test and the 
corrections applied where necessary. 

The barrel in which the fuel oil was measured was calibrated by 
means of an accurate spring balance. 
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Samples of the fuel oil were taken from time to time during the test 
and later a careful determination of the heat value was made at 
Tulane University of Louisiana. The heat units per pound were 
found to be 18,790 ; the amount of water present in the oil was 2 per 
cent. The oil was from the Jennings, La., field. 

The height through which the water was lifted was obtained by 
measuring down from bench marks on the suction side of the pumps 
to the water level in the suction flume, and again from a bench mark 
on the discharge side to the level of the water in the discharge flume. 
The head was extremely constant. All linear measurements taken by 
means of a tape were corrected by comparison with a steel tape. 

The discharge of pumps Nos. 3 and 4 is into a common flume, built 
of one-fourth-inch steel, having an inside width of 8.71 feet. The 
depth of water in the flume was obtained by measuring the distance 
from an angle iron across the top of the flume and subtracting the 
distance from angle iron to the surface of the water. The depth 
varied little from 4.17 feet throughout the test; each time six observa- 
tions were taken and averaged. 

Two instruments were used alternately to determine the velocity — 
dk current meter and a Pitot tube. 

The average of all readings taken with the current meter gives a 
discharge of 152.99 cubic feet per second, while the average displace- 
ment of the pump for corresponding readings averages 152.90. The 
average of all readings of discharge obtained by means of the Pitot 
tube gives 152.79 cubic feet per second ; the average displacement for 
corresponding readings is 152.92. The agreement in both cases is 
remarkable and can lead to but one conclusion, viz, that the dis- 
charge of the pumps is practically equal to their displacement. 

The writer believes the results to be as accurate as could be obtained 
with a weir. 

Boiler teat, Neches Canal Company, Angust S, .1905. 

Duration of boiler test, 5.592 hours. 
Total fuel oil, 6,384 pounds. 

Average steam pressure by gage, 140 pounds i)er square inch. 
Average temperature of feed water, 100** F. 
Factor of evaporation, 1.053. 

Total weight of water fed to Iwiler, 70,(551 pounds. 
E(iuivalent water evaporated from and at 212° F., 83,872 i>ounds. 
Boiler horsepower, 434.0. 
Average temperature of fuel oil, 01° F. 
Average air temperature, 89° F. 

Water apparently evaporated per pound of oil, 12.47 pounds. 
Equivalent evaporation from and at 212° F (corrected for quality of steam), 
13.14 pounds. 
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Engine and pump test, main pumping plant, Neches Canal Company, August 8, 1906. 
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SUMMABT OF BESXJLTS OF ALL TESTS. 

The principal results of all of the tests reported in the preceding 
pages are summarized in the table following. 
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Summary of results of tests. 
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* Water tube. 

' Locomotive type. 

n* Basis 34.5 pounds from and at 212 °F. 

n Heater in use. 



o Heater not in use. 

p Coal, prices based on ton. 

q Reckoned from temperature of toed. 
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DISCUSSION OF RESULTS. 

In the summary of results given herewith, besides the quantities 
usually stated in reports of this kind, it has been thought best to 
compute the results, in most cases, on a heat basis. This was made 
possible by the fact that the fuel was crude oil. The heat value of 
oil from the Jennings field was obtained from experiments with a 
Parr calorimeter at Tulane University. The results were confirmed 
by information obtained from many sources, and as a result the 
heat value of 19,500 British thermal units per pound of oil was used 
where not otherwise stated. Attention has already been called to 
the presence of water in some of the oil used and to the uncertainty 
as to its amount. It is important that the water in crude oil be 
allowed sufficient time to settle and to be drawn off from the bottom 
of supply tanks. The loss due to water intimately mixed with the 
oil may be enormous, even when no trouble is experienced by having 
the fires put out. Low boiler efficiency may be due to several causes, 
among which may be named: (1) Kind of burner used; (2) ar- 
rangement of fire-brick checkerwork to receive the impact of the 
flame; (3) proportions of boiler, particularly the heating surface 
per boiler horsepower; (4) water intimately mixed with the fuel oil, 
and (5) too great an excess of air. 

The amount of steam used by burners to spray the oil varies from 
3 to 8 per cent, while in exceptional cases it may run as high as 12 or 
possibly 15 per cent. The average burner will probably use 6 per 
cent of the total steam in this way. The small pipes used to conduct 
steam to burners present considerable condensing surface, so that the 
steam entering burners must contain a large percentage of moisture. 
Latent heat is required to convert the water into steam and more 
heat to raise the steam to the furnace temperature, while the steam 
enters the flue at the temperature of the gases formed by combus- 
tion. The more steam used by the burners, the less the amount to 
give up its energy as indicated horsepower and the greater the 
amount of heat lost in the furnace. Extensive tests conducted else- 
where have shown conclusively that the arrangement of the fire-brick 
checkerwork in a furnace where fuel oil is burned has a marked 
effect on efficiency. Attention has already been called to the fact 
that the boiler which showed the best efficiency had the smallest 
amount of heating surface per boiler horsepower. The fact has 
also been noted that two boilers of the same type, those of the 
Acadia plant and of Grand Canal, and of nearly the same size, gave 
widely varying efficiencies. The difference is chiefly accounted for 
by the amount of water in the oil. 

The efficiencies of the boilers tested were remarkably low ; in only 
one case did the efficiency exceed 70 per cent. The Acadia plant gave 
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nearly 76 per cent, but in this respect it stands alone, as the next 
highest was less than 70, and in a few cases efficiencies approximating 
55 per cent were obtained. Many of the boilers tested were designed 
for using wood as fuel, while the others were intended for coal. It 
seems probable that in many cases the heating surface is too large 
for using oil economically. Another source of loss is in too liberal a 
supply of draft area. A large supply of oxygen is absolutely neces- 
sary, but the draft which corresponds to highest economy, other 
things being equal, is that which is just sufficient to prevent smoke. 
It is a very simple process to cut down draft area until smoke appears, 
and then to increase it until the point is reached where smoke disap- 
pears. However, this loss is too often overlooked. 

The heat to produce the steam is reckoned from the temperature of 
feed, assuming dry and saturated steam. The error involved is 
small; this error is certainly less than that involved in measuring 
the discharge from the pumps. 

Indicated horsepower and water horsepower were both reduced to 
the heat basis. By multiplying horsepower per minute by 42.42 the 
equivalent British thermal units are obtained. 

Having computed thase quantities, it is possible to locate losses in 
the plant. In this way boiler efficiency, the percentage of heat in 
total steam, appearing as indicated horsepower, and the percentage 
of heat equivalent of water horsepower to that in the oil, to that in 
total steam, and to the indicated horsepower, all become known. 

The mechanical efficiencies of engine, transmission, and pump vary 
within wide limits. It is impossible to compute the efficiencies of 
pumps without assuming the mechanical efficiencies of the engines, 
which will probably range from 90 to 93 per cent. Where pumps are 
not directly connected, as in every case except the Abbeville plant, 
the Algiers drainage plant, and the Neches plant, the efficiency of 
transmission must also be assumed; the probable value will range 
from 90 to 95 per cent. 

The final comparison of pumping plants must be made on a 
financial basis. In designing a pumping plant for a certain set of 
conditions, not only the cost of oil mufit be considered, but also inter- 
est on the investment, depreciation, repairs, and wages. In order to 
put the comparison on a practical basis, the cost of plants of diflerent 
types was obtained from many sources as well as the cost of operating 
plants and distributing water. 

Much information regarding the amount of fuel required in 
various plants, in addition to that obtained from the tests, was 
secured. It was found that in general the plants tested were typical 
of their class with the exception of plant No. 10. 
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The best plant for a particular case must possess two qualities — 
reliability and maximum financial economy. The first is absolutely 
essential, while the second becomes more and more important as the 
margin of profits becomes smaller. 

To operate economically a plant must be run at its full capacity — 
that is to say, the maximum number of acres that can safely be 
watered should be irrigated annually. Keeping these conditions 
in mind, the problem of designing a large pumping plant will be 
considered. To make the discussion concrete the plant will be sup- 
posed to have a capacity sufficient to water 9,000 acres when operated 
eighteen hours out of each twenty-four during the irrigation season, 
which is assumed to be of eighty days' duration. 

For the actual hours of operation we will assume that the amount 
of water needed is 7.5 gallons per minute per acre irrigated, or 
7.5X9,000=67,500 gallons per minute. While it is intended to run 
the plant eighteen hours per day, it may, in case of excessive drought, 
be operated continuously for several days; operated eighteen hour-^, 
per day for eighty days the water pumped would amount to a depth 
of 24 inches over 9,000 acres. 

Our entire outfit will consist of two units so arranged that either 
engine ihay be furnished steam from any of the boilers and either 
or both units operated at will. 

The plant is to be erected on the banks of some stream conveniently 
located and where the water supply is known to be ample. The 
actual lift is to be 20 feet as a maximum. 

It is assumed that the building will cost the same in any case. The 
type of boilers, engines, accessories, and pumps may vary. Prices 
and estimates have been obtained from as many sources as possible 
and specifications carefully studied and compared. It would mani- 
festly be unfair to state, specifically, the sources of this information, 
as nearly all was confidential. The discussion will, therefore, be con- 
fined to a general statement, giving average results of this inquiry. 
In making comparisons reliability, running expenses — which include 
depreciation and repair, interest on investment, wages, and cost of 
fuel — will be considered. A part of the running expenses are con- 
stant — ^that is, they do not vary from year to year, as they are pro- 
rated on the investment; they will be larger as the investment is 
larger. 

The quantity most liable to fluctuation is the fuel bill. This is a 
function of several variables: (1) The price of oil per barrel; all 
calculations have been based on the use of fuel oil, as it has been 
found most economical at present prices in this section. If in the 
future the cost of fuel oil should advance from any cause to more 
than $1 per barrel, many will return to coal as a fuel, if its present 
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price is maintained. It has been found that a fair comparison be- 
tween the two fuels is on the basis of 3^ barrels of oil per ton of 
average soft coal. Of course, it costs more for wages to burn coal 
than it does for crude oil. (2) The amount of water pumped, which 
will vary considerably in different seasons. (3) The head pumped 
against, the amount of the variation of level of the water supply in 
some places being as great as 10 to 15 feet. (4) The type of plant. 

The first of these variables depends on the market and on proximity 
of the oil field. The second and third vary according to the amount 
of rainfall during the irrigating season. Thft fourth will affect 
the amount of the fuel bill according to economy of operating. 

To the above plant charges, as they may be called, must be added the 
canal expenses. It has been found by examining a great deal of 
reliable data that on the average the first cost of right of way. canals, 
flumes, and laterals is about $10 per acre irrigated. This would mean 
an investment of $90,000 for an acreage of 9,000. Now, capital when 
once invested in canals and flumes is no longer convertible into 
money, and the rate of interest would therefore have to be larger 
than on the plant investment. Six per cent is assumed as a fair basis 
for canals and flumes and 5 per cent for the plant. The canal charges 
are therefore as follows : 

Interest at 6 per cent on $JK),000 $5,400 

Depreciation, maintenance, repairs, and cost of distributing 
water S. OkfO 

Total expenses 13,400 

■**^ Expenses ixjr acre, 13,400-^9,000=;$1.49, say $1.50. 

These figures agree with many actual average cases. 

For the purpose of comparison five types of plants have been 
taken : 

Plant No. I, consisting of water-tube boilers, compound condensing 
engine, and high-grade centrifugal pump. 

Plant No. II, consisting of water-tube boilers, compound condens- 
ing engines, and rotary pumps. 

Plant No. Ill, consisting of water-tube boilers, simple condensing 
Corliss engine, and centrifugal pumps. 

Plant No. IV, comprising what would ordinarily be called a " clieap 
outfit " — horizontal return tubular boilers, slide-valve noncondens- 
ing engines, and cheap centrifugal pumps. 

Plant No. V, which is a small well plant, with locomotive type of 
boiler, small slide-valve engine, and vertical-shaft centrifugal pump. 
Area to be watered bv Plant No. V, 150 acres. 

Each of the above plants is to be equipped with suitable acces- 
sories, such as feed- water heaters, boiler-feed pump, and, in the case 
of condensing plants, with vacuum pumps. 
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Let us now examine the cost and performance of each in turn, 
assuming the price of oil at 50 cents per barrel. 

Plant No. V is often run by an inexperienced man without regard 
for economy. The depreciation should be figured higher than for 
good machinery. Ten per cent is assumed for depreciation and 
repairs. 

The figures below are those of an actual plant now in operation : 

Cost of plant .$2,()()0 

Area irrigated acres.. 15() 

Fuel per seasons barrels of oil__ 725 

Fixed charges as follows : 

Repairs and depreciation at 10 per cent $200. 00 

Interest at 5 per cent 100.00 

Wages at $75 per month for three months 225. (K) 

Total fixed charges 525.00 

Fixed charges per acre 8.50 

Cost of fuel i>er acre 2.42 

Cost of irrigating per acre 5.92 

There are no canal charges, as the plant belongs to the farm. 

This plant corresponds in cost and expense of operating, including 
cost of fuel, to that tested as plant No. 11. 

It is typical of its class and rather above the average. The well is 
said to be one of the best in that part of the country. In order to 
supply 2 acre-feet per acre for 150 acres, the well plant will need to 
be operated ninety days eighteen hours per day. With the large 
pump the plants are operated eighty days eighteen hours per day in 
each case to furnish 2 acre-feet for the 9,000 acres irrigated. 

Next consider plant No. IV. This plant has been designed to 
meet the demand stated for our big canal plant. It is made up of 
cheap centrifugal pumps, rope driven from slide-valve engines; the 
steam is supplied by horizontal return tubular boilers. Many of this 
type were installed in the early years of rice irrigation in Louisiana. 
Strange as it may seem, actual figures from estimates show the cost 
of installing this plant to be as much as 10 per cent more than the cost 
of installing a plant of the same capacity but having high-grade 
machinery. This is easily explained when we consider that a slide- 
valve engine uses from 30 to 40 pounds of steam per indicated horse- 
power-hour as against 15 to 20 for the compound condensing. 
The pump will not have a high efficiency, and this will increase the 
engine horsepower and the size of boilers needed. It takes very little 
more fuel to generate steam at 160 to 200 pounds pressure for the 
compound engine than at 100 for the slide-valve engine ; leaving the 
pumps and accessories out of consideration, the boiler capacity in the 
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two plants must bear approximately the ratio of 2 to 1. The founda- 
tions and settings are also much more expensive for the wasteful 
plant. 

Taking the average of a number of high-grade plants the total 
cost per water horsepower is just about $100, perhaps a trifle less in 
some instances.. Now, 67,500 gallons per minute ' pumped against 
20 feet of actual elevation is about 340 water horsepower, so that 
one proposed plant with high-grade machinery would cost about 
$34,000. The slide-valve plant which has been tinder discussion 
would cost 10 per cent more, or $37,400, and the fuel consumption for 
the season of eighty days would be about 14,000 barrels of oil. 

With the slide-valve engine a greater allowance must be made for 
depreciation than for the compound engines. The following assump- 
tions are therefore made : 

Repairs and depreciation, at lOi per cent $3,740.00 

Interest, at 5 per cent 1,870.00 

Wages of employees 1,000.00 

Total fixed charges 6,610.00 

Fixed charges per acre .734 

Fuel per acre .78 

Canal charges per acre 1.50 

Total cost of irrigating i)er acre 3.01 

Plant No. Ill is now to be considered. This plant has water-tube 
boilers, simple condensing Corliss engines, and good centrifugal 
pumps. The cost is about $34,000, the same as the compound con- 
densing plant. It is a good, reliable, easy running plant, but the 
fuel consumption is high, as 8,100 barrels of oil are needed. The bill 
of cost is as follows : 

Repairs and depreciation, at 8 per cent $2, 720. 00 

Interest, at 5 per cent 1,700.00 

Wages of employees 1,000.00 

Total fixed charges 5,420.00 

Fixed charges per acre .602 

Fuel per acre .45 

Canal charges per acre 1.50 

Total cost of irrigating i)er acre 2.55 

Plant No. II is in actual operation. The cost assumed is the price 
for the machinery at the present time. The cost is 20 per cent greater 
thari for Plant No. I. The outfit is made up of water-tube boilers 
and high-grade rotary pumps, driven by compound condensing en- 
gines. The increase in cost is due to the rotary pumps. It will be 
seen later that under the conditions assumed this increase in cost 
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ih not justified by the returns, although the cost of fuel per acre is 
less with the more expensive plant. 

Cost of plant $42,000.00 

Fuel consumed, barrels of oil 3,860 

Kunnliig expenses : 

Repairs and depreciation, at 8 i)er cent $3,360.00 

Interest, at 5 per cent 2,100.00 

Wages of employees 1,000.00 

Total fixed charges 6,460.00 

Fixed charges per acre . 72 

Fuel cost i)er acre . 21 

Canal charges 1.50 

Total cost of irrigation \)er acre 2. 43 

Plant No. I is now to be considered. It is made up of water-tube 
boilers carrying 160 to 200 pounds; high-pressure compound con- 
densing engines, having a steam economy of 15 pounds or less per 
indicated horsepower hour. These engines are direct-connected to 
well-designed centrifugal pumps having a guaranteed efficiency of 70 
per cent at full load and proper speed. A fuel consumption of 
4,500 barrels of oil is assumed for a season when the plant is to be 
operated eighteen hours each day for eighty days. 

As already stated, the cost of this plant erected and ready for op- 
eration is $34,000. The running expenses would be as follows : 

Repairs and depreciation at 8 per cent $2, 720. 00 

Interest at 5 \)er cent 1, 700. 00 

Wages of empIoye<»s 1,000.00 

Total fixed charges 5,420.00 

Fixed charges per acre ^ ^ .(JO 

Fuel per acre . 25 

Canal charges 1. 50 

Total cost of irrigating i)er acre 2. 35 

There are two other types of plants to be mentioned, neither of 
which, so far as the writer knows, has been used for rice irrigation. 
The first of these consists of an outfit having centrifugal pumps direct- 
connected to steam turbines, the steam to be supplied by water-tube 
boilers. The guaranteed duty is 78,000,000 foot-pounds of work per 
1,000 pounds of dry steam supplied at the turbine throttle, which is 
about the same as for the compound engine-centrifugal pump plant. 
The price of this outfit is, however, 20 per cent in excess of that of 
Plant No. I, or about equal to that of Plant No. II with no better 
economy than Plant No. I. This consideration alone would suffice t ) 
exclude using a turbine plant. There are other considerations which 
will confirm this decision. In order to operate a centrifugal pump 
economically against a head fluctuating between 10 and 20 feet it 
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would be necessary to vary the speed. The steam turbine is essen- 
tially a high-speed machine, and the pumps suitable for high lifts. 
Slow speeds can only be had at a great sacrifice of economy. It might 
be possible to gear down a st^am turbine to drive a rotary pump, but 
the transmission losses would probably be so large as to make the plan 
impracticable. 

The engineers of the rice district are altogether unacquainted with 
the operation of turbines; for this reason it would be unwise to 
intrust the operation of a turbine plant to any but the very best 
of stationary engineers. This would probably result in an increase in 
wages for plant operation. 

The other type to be mentioned is the producer gas-engine outfit. 
This engine is the latest development in the science of power genera- 
tion. Plants are being installed under a guarantee of furnishing a 
brake horsepower hour on 1.25 pounds of anthracite coal. The total 
efficiency, or ratio of heat equivalent of developed horsepower to the 
heat energy of the coal for this outfit will range from 14 to 20 per 
cent, while the compound condensing engine will give about 10 per 
cent, disregarding steam used by burners and accessories. The cost 
of the producer plant would be nearl}^ twice as great as the cost of 
Plant No. I. The price of fuel oil would have to advance consid- 
erably above present rates before the comparison of this plant with 
those of the better types already considered would be of interest. 
Furthermore, the gas engine is likely to be less reliable in operation 
than is the steam engine, and it is less familiar to the men who would 
have to, run the plants. For intermittent operation, with the plant 
laid by for three-fourths of the year, the producev gas plant is not 
well suited. For these reasons this plant will not be further con- 
sidered. 

It will now be of interest to compare the cost of irrigating per acre 
with these various plants. 

The first case to be examined is the cost of irrigating a farm of 
150 acres by means of a well plant and by taking water from a canal 
company. In many sections the two alternatives are offered, while 
in other places water must be obtained from wells. In the latter 
case the only question of interest is w^hether the farmer can afford to 
raise rice at the cost of installing and operating a well plant. As- 
sume an 8-barrel crop and that the average price of rice is $3 per 
barrel. In case water is taken from a canal system, the charges of 
the canal company will be ^ X 8 X $3 = $4.80 per acre. With rice 
selling at $2.50 per barrel the amount paid the canal company 
would amount to | X 8 X*$2.50 = $4. 

"When the farmer raises a lO-barrel crop, and the price is $3 per 
barrel, the cost will amount to $6, while if the price of rice is $2.50, 
the lO-barrel crop will cost $5 to irrigate from a canal. 

25844— No. 183—07 m- 
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Now, the cost of irrigating 150 acres, by means of a well plant. 
was computed at $5.92, a figure nearly as great as the cost of taking 
water from a canal when a 10-barrel crop, selling at $3 per barrel, is 
assumed. In general, it maj'^ be said that 8 barrels is nearer the 
average yield than is 10 barrels. Wells are uncertain, and in many 
cases their lives are short. With the conditions as assumed, the 
desirability of using one method or the other would be dependent on 
the 3'ield, the price of rice, and the amount of flood water needed. 
It must be remembered that this comparison is based on approxi- 
mately 2 acre-feet of water to be supplied per acre. During a season 
of plentiful rain the amount of water pumped would bo considerably 
less than this amount ; in this case the well plant would not need to 
be operated for the full ninety days, and therefore the cost of irrigat- 
ing would be reduced, while if water is taken from a canal the cost is 
independent of the amount used. During the last tw^o seasons the 
rainfall has l)een so plentiful that the amount of flood water re- 
quired has been much less than for the average season. The result 
has been that the farmers having good well plants have saved money 
by operating their own plants. The conditions assumed in tlie 
problem must be clearly kept in mind, for the conclusions apply only 
for these assumptions. The method is applicable to any set of condi- 
tions, and each separate problem may be solved in this way. 

Next the canal plants to irrigate 9,000 acres will be considered. In 
order to bring the results together so that comparisons can easily be 
made, the following table, which is based on an average crop of S 
barrels per acre, has b?en prepared: 

Cost and profits for pumping water for rice irrigation, with an average crop of 8 harrds 

per acre. 
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l.S« 



From the above discussion it is evident that under the assumed 
conditions Plant No. I would be the best investment. It should 
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be noted« however, that Plants Nos. I and II will be equally jjihkI 
investments when fuel oil costs about $1.50 per barrel, as the cost 
of irrigating an acre with either will he $2.85, With fuel oil at $1 
per l>arrel the total cost per acre of irrigating with Plant Xo. I 
will be $2.00, while with Plant No. II it will be $2.64. The cost of 
this plant is $34,000 and the cost of the right of way, canals, flumes, 
and laterals would be $90,000, making a total investment of $124,(XK) 
for Plants Nos. I and III, $132,000 for Plant No. IT, and $127,400 
for Plant No. IV. Total acreage to be irrigated, 0,000. 

In order to cover conditions too wide to be included in the above 
Jiscussion without hopeless entanglement in details, curves have been 
platted showing, besides the quantities already discussed, the fol- 
lowing varying conditions (figs. 8 and 4) : 

(1) Cost of fuel oil per barrel ; 

(2) Inches in depth of water supplied to irrigated lands; 

(3) Head pumped against; 

(4) Type of plant ; and 

(5) Acres irrigated. 

The first three of these variables are almost entirely beyond our 
control. We may select by means of this diagram the type of plant 
most suited to a given set of requirements. The plants are all as- 
sumed to he equally reliable in operation. The conditions are not 
wide enough to cover all possible cases; for instance, the head j)umped 
against may be considerably in excess of 20 feet. There are plants 
in Texas which lift the water CO feet or more. The cost of canals 
and flumes will lx> a minimum in a level country having just the 
desirable slope to the land to make the distribution of water a simple 
problem, while the cost will l)e a maximuTu where the country is 
rolling and numerous flumes and high canal embankments are re- 
quired. 

While all deductions are based on the average conditions found in 
the plants tested, the methods can be applied to any set of conditions. 

The second plat shows the profits and losses of canal companies 
under the following varying conditions: 

(1 ) The market j)rice of rice j)er barrel ; 

(2) Total cost of irrigation per acre; and 

(3) Yield in sacks per acre. 

The first of the above variables is beyond our control. The other 
plat shows the conditions determining the cost of irrigating. The 
yield doi)ends on (1) the climatic conditions of the season, (2) the 
quality of the land, (3) the energy and skill of the farmer cultivating 
the rice crop, and (4) the reliability of water supply. 

In this plat the profit or loss per acre is shown and, assuming a 
crop of J),()()() acres and an investment of $124,000 by the canal com- 
pany, total gain or loss and the percentage on investment have been 
laid oil' on separate scales. 



Briefly siiminariziiig. it is evident that a canal company can not 
afford to haye any but economical engines, preferably of the com- 
pound condensing type. The pinnps may be high-grade centrifugals 
or rotary pumps, according to the conditions of the special case. 

The two prime requisites of any plant are reliability and financial 
economy. These are in no way opposed to each other, but, on tlie 




Fro. a. — Iilagram BhowlDg giroBts and ]ou«a tram I'lant No. I. 

contrary, are both attributes of high-grade machinery. The propor- 
tions must be such that an accident to a portion of the machinery will 
not paralyze the entire plant. There should be at least two units, and 
the figures given in this discussion have all been based on this a 
tion. 




>I irrlKatloD per sons undor vnrying condlllom 
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DRAINAGE PLANTS. 

It is estimated that nearly one-half of the area of Tjoiiisiana is of 
alluvial formation, having been deposited in recent geological ages 
by the great river. Like all alluvial soil it is of great fertility, and 
the semitropical climate makes this land, when properly drained, 
very productive. Sugar cane, cotton, and rice are the staple crops. 
Along the Mississippi the elevation of the land is sufficiently great 
to make natural drainage practicable. The land slopes back from 
the river to the swamps. The strip of land on both sides that is 
drained by natural slope and cultivated varies in width from 1 to 2 
miles. In many places the strip has been widened by artificial drain- 
age, and nearly every plantation could be increased in area by one- 
third in this w^ay. These conditions obtain not only along the Mis- 
sissippi, but also along many of its tributaries and outlets. 

In the southern part of the State are vast tracts of the richest 
lands, too low to be successfully cultivated without the aid of arti- 
ficial drainage except in seasons of unusually j^mall rainfall. Colonies 
have already started to reclaim this land in some sections and 
numerous projects are now under consideration having for their 
object the reclamation and settlement of these lands, the lev^el of 
which is nearly the same as the Gulf of Mexico. The general plan 
is to build a protection levee around a tract of land and by means of 
open ditches to drain the water to a pumping plant where it is 
pumped out over the levee. It is essential that the levees protecting 
reclaimed land be of sufficient height to keep out the backwater due 
to storms on the Gulf. A strong wind from the south often raises 
the water level several feet so that tracts near the coast require 
levees of considerable size. 

The problem is similar to that of reclaiming the low lands of Hol- 
land, with the exception that in Louisiana the lands already reclaimed 
and those to receive attention in the near future are relatively much 
higher than some of the lands reclaimed in Holland. The reason 
is obvious. Lands in general in this section have not yet advanced 
in value sufficiently to make it desirable to reclaim any but the highest 
and most favorably located. However, the movement is well started, 
and the next few years will witness great progress along these lines. 
A pumping plant to remove drainage Avater is of the greatest im- 
portance in these undertakings. 

Louisiana produces more sugar cane than any other State in the 
Union. The alluvial land>s along the Mississippi and in the southern 
part of the State are extensively planted to sugar cane, and nowhere 
is drainage of greater importance. Rainfalls of from 5 to 7 inches are 
not at all uncommon, and such a downpour flooding the fields of cane, 
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even temporarily, may inflict an injury on the soil that will reduce the 
yield, even if the cane is not directly injured. Oj^en ditches are used 
and the drainage pumped over the levee protecting the rear of the 
plantation into the swamp. 

A great variety of pumps are used. The height through which the 
water has to be elevated is small and the volumes large. The av^erage 
lift varies from 3 or less to 10 feet, but is usually nearer the lower 
figure than the higher. Some of the pumping plants are extensive in 
size and have thoroughly modern machiner}'. 

The prime requisites for these plants are (1) reliability and (2) 
economy of operation. 

The first is absolutely essential; the second is desirable, but under 
the conditions is not easy of attainment. 

The pumping plants used to drain plantations are operated inter- 
mittently; when a rain comes steam is raised and the pump started. 
The run may be for a few hours or, in exceptional cases, for several 
days, depending on the precipitation and consequent run-oflf. With 
the low lifts these pumps are not expected to be very efficient. Among 
the types lised for drainage may be mentioned the centrifugal, rotary, 
and centrifugal with a wooden casing, the Dutch drainage wheel, and 
occasionally a wheel with blades that scoop up the water and dis- 
charge it near the shaft. 

The centrifugal pump with a wooden casing is particularly suited 
to elevating large volumes of water through small heights. The only 
metal parts are the pulley, shaft, bearings, and impeller. It is 
cheaper than all-metal pumps, and has been extensively used on 
sugar plantations. A test of one of these pumps used for irrigating 
is given under the head of plant Xo. 4. It is believed that the 
efficiencv found in that test is unusuallv low on account of the 
inefficiency of the rope drive. 

Another type of pump that has long been justly popular for drain- 
age work is the Dutch drainage wheel. It is probably the most effi- 
cient pump built for low lifts, and is capable of moving large vol- 
umes of water. A test of one of these wheels is described as plant 
No. 12. The efficiencv for lifts of less than 3 feet was between 35 
and 50 per cent. This form of drainage wheel is successfully used 
for lifts up to one-fourth of the diameter of the wheel. The diam- 
eter usually ranges from 25 to 30 feet. 

As these plants are operated at very irregular intervals, it is not 
necessary that the boilers and engines be of the highest grade, as it 
would be impossible to get a high efficiency even from the best and 
most economical outfit under the circumstances. The machinerv 
for such plants must be good and reliable, and not at all complicated, 
so that it may be safely intrusted to men who are not skilled engi- 
neers, as only on a few of the largest plantations is the drainage 
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plant of siifficiont size to claim the attention of a high-grade man 
continuously. 

Plant No. 14 (p. 45) is used exclusively for drainagie in Algiers, a 
suburb of New Orleans. The triple-expansion engine of that plant 
is an example of an unnecessarily expensive engine being used where 
the conditions forbid economy. It was moved from another pump- 
ing station. Had a new engine been installed it would probably 
have been a compound. 

o 
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